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Editorial 


The British Eiectrical Power Convention 

To those who attended the British Electrical Conference 
in Brussels last May, the theme of the British Electrical 
Power Convention in Brighton in June must have had a 
somewhat reminiscent ring about it. It was, of course, 
entirely appropriate that in this year of the Brussels 
Exhibition, both conferences should be concerned to em- 
phasize the extent and significance of Britain’s contribu- 
tion to the electrical progress of the world. 


Space does not permit the publication in our columns of 


the complete text of the five papers read at Brighton (as we 
were able to do in our May issue with the two papers 
read at Brussels); nevertheless, we have included in this 
issue carefully edited condensations covering the main 
points of all the papers. 

Sir Christopher Hinton’s authoritative survey of the 
development of nuclear energy in Britain showed con- 
clusively how far, and how rapidly, this country has pro- 
gressed in this field. One basic fact which emerged pretty 
clearly was the imminent need to increase the country’s 
load factor, and several speakers in the discussion laid 
stress on the possibilities of pumped storage schemes in 
this connexion. Sir Christopher said that he was very 
interested in investigating the possibilities, but he felt 
that the transmission problems involved were formidable. 

He reassured the speakers who had expressed concern 
about his forecast of the nuclear generation programme 
by stating categorically his belief that the first stage of the 
programme and the choice of graphite-moderated gas- 
cooled reactors were completely right. Our nuclear pro- 
gramme was its own best advertisement abroad. However, 
we must not refuse to recognize the difficulties, and 
technologically there was no problem in designing reactors 
for varying loads; Calder Hall, for example, could vary its 
load more easily than a conventional station. The ques- 
tion was one of cost rather than technology, since costs 
were based on maximum generation. 

Sir Claude Gibb’s paper, informed by his wide personal 
experience of and contacts with the export markets of the 
world, was an eminently realistic appraisal of the export 
possibilities in the nuclear energy field, and although he 
agreed with one of the discussion speakers that we should 
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be careful not to overdraw the picture, this country was 
exceptionally well placed to sell experience, knowledge, 
and training to other countries. Several speakers again re- 
ferred to the possibilities of nuclear power stations in con- 


junction with pumped storage schemes to increase the 


load factor under which the nuclear plant operated—a 
development which Sir Claude endorsed. 

The discussion on Mr Beard’s paper (*Britain’s Part in 
Electrical Development Overseas’) brought out several im- 
portant aspects of Britain’s efforts in the export field. One 
—in connexion with the financing of overseas projects— 
was the difference between finance provided by the 
World Bank, which has no strings attached to its loans, 
and the Export-Import Bank of Washington, which 
attached a condition that its loans had to be spent in the 
USA. Mr Maxwell Buist (Export Director of BEAMA) 
emphasized the outstanding importance of foreign lan- 
guages to engineers engaged in the export field, and the 
equal importance of training for export. Cooperation 
between manufacturers was, he maintained, vital to the 
export business, particularly since UK firms had to 
tender for every project, while manufacturers in other 
countries could pick and choose. Exporters had served 
the country well; they needed and deserved every help 
and encouragement. 

An interesting point in the discussion on the hydro- 
electric paper was the very useful materials stress testing 
ground afforded by the operations of the North of Scot- 
land Hydro-Electric Board, and in fact Britain was now 
as well off as any country in the world for testing facilities. 
Since American authorities will not accept unproved 
equipment, the tests carried out for industry by the 
NSHEB have been of great value in helping us to secure 
some of the large American orders, and this collaboration 
between manufacturers and the supply industry was 
freely acknowledged by the authors of the paper. 

Supporting the authors’ remarks about the life and 
e:onomy of hydro-electric stations, it was mentioned that 
the pre-war Scottish hydro-electric stations were still pro- 
ducing electricity at about one-third of the cost of a 
station using conventional fuel. 

Many comments were naturally made about the new 
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Blaenau Ffestiniog pumped storage scheme, and it was 
pointed out that this was a pioneer scheme which would 
afford, among other things, valuable data for the explora- 
tion of the economics of pumped storage schemes. 

Points of interest in the discussion on Mr Bernard’s 
paper were that building societies should be more far- 
seeing and elastic about including the cost of essential 
electrical equipment in their mortgage advances; that the 
role of the home economist in industry was of increasing 
importance, both to the manufacturer and the appliance- 
using public; and a note of surprise by one speaker that 
no mention had been made of the possibilities and 
advantages of heat pumps for domestic application. 

To sum up, this tenth British Electrical Power Con- 
vention must surely go on record as one of the most 
successful of the series, and the complete Convention 
Proceedings when they are published will greatly en- 
hance Britain’s prestige in the electrical field. 


Atoms for Export 

Britain’s contribution to the 2nd United Nations * Atoms 
for Peace’ Conference and Exhibition at Geneva next 
month will be entirely commensurate with this country’s 
leading position in the field of nuclear engineering and 
exports. The British section of the exhibition, for example, 
will be by a large margin the biggest national display; the 
papers to be read by British scientists and engineers will 
form an appreciable proportion of the whole proceedings. 
Even more important is the fact that the British story is 
firmly based, not on hopes and expectations, but on solid 
achievements and practical experience. For example: 

It was emphasized by more than one speaker at the 
British Electrical Power Convention that the reliability, 
safety, and economy of the British type of reactor—the 
gas-cooled graphite-moderated Calder type—have already 
been proved in more than two years of service. 

To quote Sir Claude Gibb in his Convention paper: 
Only a nation which is actually operating nuclear 

ations can provide the training and experience so essen- 
il to satisfactory or indeed safe performance. Britain is 
that fortunate position.’ 


[his country is the largest exporter in the world of 


radioactive isotopes. 

Britain has sold the first nuclear power station to be 
built in Europe for normal electricity generation—the 
200 MW station in Italy, for which the agreements have 
now been or will shortly be signed. 

The first nuclear power station to be imported into 
Japan will be of the Calder Hall type, and British tenders 
have been invited with a view to starting construction at 
the beginning of next year. 

These few out of many other evidences of the enter- 
prise and achievements of British industry can be com- 
pared with the recently concluded agreement between 
the USA and ‘Euratom’ (the European Atomic Energy 
Community), which provides for the installation of about 
1000 MW of generating capacity by 1963, nearly half the 
cost of which may be covered by long-term credits by the 
US Government to Euratom, and a 10-year joint research 
and development programme. 

In effect, the agreement provides financial assistance 
from US Government funds for commercial sales abroad, 
and enables America to use the European countries con- 
cerned as a proving ground for the types of reactor 
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favoured in the USA—probably boiling water or press- 
urized water reactors using enriched uranium. 

But there is a wide margin between the 1000 MW pro- 
gramme foreshadowed in this agreement and the original 
Euratom objective of 15,000 MW by 1970 (even if this 
should be somewhat retarded or reduced), and it can be 
taken for granted that British nuclear engineering firms 
will exploit these opportunities to the utmost—both at 
Geneva and elsewhere. It is, however, very necessary 
that the requisite agreements between this country, the 
European Atomic Energy Community, and its appro- 
priate member governments should be concluded at an 
early date, and it is to be hoped that the discussions now 
under way will make this possible. 


The British Days at Brussels 

The British Electrical and Allied Industry’s Exhibit at the 
Brussels World Exhibition grows steadily in popularity 
and prestige as the daily total of visitors mounts. Already 
over 2 million people have seen and acclaimed the British 
Pavilions, among them a steady stream of technical 
visitors who are attracted and impressed by our Industry’s 
exhibit and whose inquiries about many different kinds 
of equipment are regularly passed on to all supporting 
firms and associations. 

In the series of * National Days’ held during the Exhibi- 
tion, the British Days were celebrated on July 10, 11, and 
12, when the focal point was the visit of HRH the Duke 
of Edinburgh, who spent over an hour of his crowded 
time-table in visiting all the stands in the British Industry 
Pavilion and stayed for about ten minutes at the British 
Electrical and Allied Industry's Exhibit. He was con- 
ducted round the stand by Mr J. O. Knowles (Chairman 
of the BEAMA Council) and Mr D. Maxwell Buist 
(Chairman of the Organizing Committee), and examined 
all the exhibits with keen and critical interest. Indeed, 
he diverged from the planned route through the stand 
to study in detail each of the six overseas features. 

The Duke’s party was followed by another distin- 
guished group led by SAR Le Prince de Liége and high- 
ranking Belgian personalities, and other parties included 
many well-known personalities from Britain led by Mr 
F. J. Erroll, Parliamentary Secretary, Board of Trade. 

Among other interested visitors to the British Electrical 
and Allied Industry’s Exhibit on recent occasions were 
Their Majesties the King and Queen of Nepal, and dis- 
tinguished personalities from a large number of countries 
overseas. It is hoped to welcome many more visitors to 
the British Industry Pavilion and the Electrical and Allied 
Industry’s Exhibit before Brussels closes on 19 October, 
whether their interest is general or specifically technical. 


Cover illustration. During his tour of 
the British Electrical and Allied 
Industry's exhibit at the Brussels 
Exhibition, HRH The Duke of 
Edinburgh had many comments to 
make on the exhibits. The camera 
has caught him just as he turned to 
make a remark to Mr J. O. Knowles 
(on the right) about the Lishon- 
Oporto Telephone System. On the 
Duke's immediate left is Mr D. 
Maxwell Buist. 
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Battery Emergency Lighting Plant 


A. Prescott, AMIEE* 


ELECTRICITY supply failure, black-out, and other 
hazards would present serious problems if it were not 
possible to provide an economical and reliable standby 
lighting equipment. The standby plant installed should be 
instantaneous in action and sufficient to minimize the 
risks associated with power failure. The most popular 
type of equipment includes a lead acid or steel alkaline 
Stationary battery and the necessary control gear. The 
importance of the storage battery in modern electrifica- 
tion schemes 1s clearly shown by the diverse applications 
for which standby batteries are installed, because, despite 
the utmost precautions, failures of the normal ac supply 
do sometimes occur. 


One of the many important modern applications of 


batteries is that of providing a source of standby power, 
i.e. an insurance against the possibility of failure of the 
normal ac supply. Weather conditions, overloading, and 
cable faults are some of the reasons why failures do occur 
and it is a tribute to the electrical supply industry that the 
failures are so infrequent and that the majority are 
generally for short periods only. 

The recognition, therefore, of the risk that the normal 


ac supply service might fail without any warning, and of 


the possible consequences, has resulted in consulting 
engineers, architects, factory executives and responsible 


bodies giving serious consideration to the provision of 


standby equipment. Such consideration should preferably 
be given when new buildings or development projects are 
conceived, and not left as an afterthought or be dependent 
upon the amount of money ‘left over’. 

Undoubtedly the major consideration must be to pro- 
vide an adequate source of emergency lighting, since light 
is of such importance that it is difficult to envisage modern 
life without the illumination provided by artificial electric 
lighting. 

Adequate illumination at all times is necessary for the 
maintenance of morale where crowds congregate, whether 


for work, sport, or recreation. The growing popularity of 


floodlit games, particularly football, is one of the latest 
applications for which batteries have been installed to 
provide emergency lighting. The hazard created by the 
loss of illumination in factories using rotating, chemical, 
or boiler plant may result in serious accidents and com- 


pensation payments well in excess of the initial cost of 


providing emergency plant. 

Lighting in hospitals may prove to be a matter of life or 
death in the operating theatre, and sufficient illumination 
ought to be provided to enable the hospital to function 
satisfactorily at all times. Humanitarian considerations, 
such as those found in hospitals, should not be jeopardized 
by the availability of resources, since this results in the 
minimum rather than the essential amount of emergency 
plant being installed. 

In departmental stores, hotels, places of amusement, 
public buildings, and any place where failure of normal 
lighting would create a hazard, it is now the accepted 
* Chloride Batteries Ltd. 
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practice to install emergency lighting plant. Even modern 
power stations, both nuclear and orthodox steam stations, 
as well as substations, require adequate lighting at all 
times, and it is usual to provide storage batteries and 
emergency control gear for this purpose. 

So far as legal requirements are concerned in Britain, 
one type of building—the cinema—must have emergency 
lighting to the requirements of the regulations issued by 
the Home Office. Theatres are also required to have 
emergency lighting, as well as other buildings having 
music and dancing licences. Local authorities are also 
able to insist on the provision of emergency lighting in a 
variety of premises where people may assemble. 

Thus, as modern development proceeds, we become 
more dependent upon electrical power and reliable 
standby equipment, whether installed for morale, humani- 
tarian, or legal considerations. 

To understand the popularity of batteries for standby 
applications it is necessary to set out the essential features 
of a standby source and to examine what alternative 
standby sources are available. 


Essential Features 

The essentials are reliability; the ability to give instant 
emergency power; to remain idle for several months and 
then spring into action immediately upon supply failure. 
These features, together with a minimum of maintenance, 
explain the popularity of the storage battery and why it is 
generally considered to bea sound investment. Quiet opera- 
tion of the equipment may also be important in certain 
installations, such as hospitals or broadcasting studios. 

Standby sources other than batteries may be provided 
by candles, oil or gas, or engine generator sets. The first 
three need not be considered since the tendency is to 
replace these sources by modern electrical installations 
when old buildings are renovated. The two sources gener- 
ally considered are, therefore, either batteries or engine 
generator sets. Each of these alternative sources has its 
particular sphere of application. The battery-fed emer- 
gency lighting plant is eminently suited for most standby 
periods from 30 minutes to 3 hours, while engine sets are 
included if there is a likelihood of a prolonged standby 
period being required, i.e. 24 hours or more. The fact that 
the majority of supply failures are of relatively short 
duration, i.e. less than 3 hours, therefore favours the use 
of battery-fed emergency lighting. 

In certain larger installations a compromise is made by 
including a battery to cater for the first 30 minutes of any 
failure and also to start up automatically an engine 
generator. The battery, under these circumstances, will 
perform two extremely important functions by (a) giving 
instant emergency power, () ensuring that the automatic 
engine set has time to run up to speed. Failure of the set 
to run up to speed automatically will mean that there is a 
period of 30 minutes to decide upon any necessary action, 
with the knowledge that this 30-minute period is ade- 
quately provided for. 
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The suddenness and absence of warning of a failure 
might provoke panic and there should be no delay in 
providing emergency power. The manual starting of an 
engine generator set (where this is appropriate to the 
circumstances) means that there is a lag between the time 
of failure and provision of a standby supply, and this may 
not be acceptable. It is therefore good practice to have 
fully automatic engine sets and to duplicate these so that 
one acts as standby to the other. 

One type of engine generator set will give instant emer- 


gency power if normal supply fails, but the higher cost of 


this set for the popular ratings and applications has meant 
that it has not so far been seriously considered. It is not 
the intention here to discuss the pros and cons of bat- 
teries against engine generator sets, but to make appro- 
priate references to alternative methods so as to indicate 
the sphere of battery applications. 
The two main components of battery-fed emergency 

lighting equipment are 

(a) The storage battery 

(6) The control gear 


The battery may beconsidered under two main types, /.¢ 


(1) Lead acid storage batteries 
(ii) Steel alkaline batteries 


Lead Acid Batteries 

The majority of installations use lead acid batteries, and 
over twenty-five years’ experience has proved that the 
Planté positive plate type of lead acid cell is pre-eminent in 
meeting the requirements of a standby battery. Many lead 
acid battery installations in Britain have been in service 
for this period of time and are still working with the 
original plates and electrolyte. 

The Planté positive plates are made of pure lead and are 
developed by means of lamelles to give a large surface 
area. An electro-chemical formation process is used to 
produce a thin layer of lead peroxide on the surface of the 
lamelles, leaving the remaining pure lead unchanged in 
the body of the plate. The negative plates contain active 
material in a box of perforated lead sheet having an 
antimonial lead frame. 

The positive and negative plates are separated by 
dowels combined with dia 
phragms of wood or plastic. 
The addition of a diaphragm 
covering the whole of the 
plate area . 
prevent internal short-circuit 

The electrolyte is dilute 
sulphuric a 
specific gravity of approxi- 
mately 1-210. The gravity 
varies throughout a charge 
discharge cycle. 

The lead acid cell having 
the plates assembled in a 
glass box, as shown in 
Fig 1, is the type most 
commonly used for the 
applications of emergency 
lighting. This type of cell is referred to as a stationary 
sealed cell. 

Sealed cells can be supplied from the manufacturer's 
works and sent to site filled with acid and fully charged. 
They are easier to erect and easier to maintain. They are 


iS a safeguard to 


“4 } > 
acid having 





Fig 1. Typical sealed type 
lead acid cell 


also suitable for dusty atmospheres. The choice is usually 
in favour of the sealed-in lead acid cell, unless the capacity 
required is in excess of the maximum capacity available in 
the manufacturer’s range. To utilize the advantage of the 
sealed cells it is fairly common practice to parallel sealed 
cells and thus increase the capacity available. Because of 
the absence of electrolyte spray, sealed cells may be 
housed adjacent to the control gear, thus minimizing the 
space required for gear and battery. Fig 2 shows a typical 
installation. Sealed cells are available with capacities of 
from 10 Ah to 450 Ah at the 10-hour discharge rate. 
The alternative lead acid stationary cell—the open 
type—is normally supplied unassembled with the acid in 
a separate container. Assembly takes place on site. Open 





Fig 2. Typical sealed cell installation 


types of stationary cells may be assembled in open glass 
boxes, or for larger capacities in wood lead-lined boxes. 


Steel Alkaline Batteries 
There are two designs of steel alkaline battery available 
the nickel-cadmium type and the nickel-iron type. 
Nickel-cadmium types are normally used for emergency 
lighting, stationary and general standby duties, because 
these cells will hold their charge better on open circuit. 
\ fully charged nickel-cadmium battery will retain 80 per 
cent of its capacity over many months on open circuit. 
Unlike the nickel-cadmium types, nickel-iron cells lose 
their charge quickly if left on open circuit, and since these 
cells will not absorb low rate trickle charge current it is 
usual to find nickel-iron cells only on duties which involve 
frequent cycles of charge and discharge, and rarely on 
emergency work. The nickel-cadmium cells preferred for 
standby duties have plates which comprise perforated 
steel pockets for housing the active material assembled 
into a steel retaining frame. The active material of the 
positive plate is nickel hydroxide, while that of the nega- 
tive plate is a mixture of cadmium and iron. The plates 
are assembled into steel containers suitably plated on the 
outside to prevent corrosion. The electrolyte consists 
essentially of a solution of potassium hydrate in distilled 
water having a specific gravity of approximately 1-200, 
which remains fairly constant during charge and dis- 
charge, and does not affect iron or steel, so that there is 
no need to treat against internal corrosion. It may be 
necessary to renew the electrolyte of steel alkaline cells 
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during the life of the battery, depending upon the service 
conditions. 

Distilled water is used for topping-up steel alkaline 
cells, but of course on no account must acid be used since 
permanent damage may be caused. 

An important point to note is that the steel containers 
normally used for alkaline cells are electrically alive 
because of the conductance of the electrolyte. Nickel- 
cadmium cells have positive plates in direct metallic 
contact between the steel cases of the cells. 

The individual cell cases are prevented from making 
metallic contact with each other by mounting them in 
wood crates, and they are suitably suspended from the side 
of the crate with adequate air clearance space between to 
allow normal operation without the risk of a short-circuit. 

Smaller sizes of nickel-cadmium alkaline cells may be 
housed within steel battery cabinets. The arrangement 
would comprise a number of cells per wood crate and 
several crates seated on the steel cabinet shelves, depend- 
ing upon the battery voltage. For larger installations it is 
usual to house the hardwood crates side by side upon 
wood stands, somewhat similar to the mounting of lead 


acid cells. 


Discharge Rate 
It is usual for a manufacturer to express the capacity of 
cells, both lead acid and alkaline, at the 10-hour rate of 
discharge. This is expressed as 100 Ah 10 to a minimum 
final voltage of 1-85 V per cell for a lead acid cell, or 
100 Ah 10 to a minimum voltage of 1-10 V per cell fora 
steel alkaline cell. This means that the particular 100 Ah 
cell would give a discharge of 10 A for a period of 10 
hours to the minimum voltage per cell stated. 

Rating of cells at the 10-hour discharge rate is not 


that this same cell has a capacity of 71-7 Ah at the 
3-hour discharge rate, which means it will supply approxi- 
mately 24 A for a period of 3 hours. It is, therefore, 
important when expressing the capacity of a cell to 
qualify the rate of discharge. The quoted capacities are 
based upon a nominal temperature of 60 deg F (15°6 
deg C); the capacity of a battery increases slightly with 
rise in temperature and decreases with fall in temperature. 


Trickle Charge Operation 

The recommended mode of operation during normal 
periods when the battery is idle is termed ‘trickle charge 
operation’. Trickle charging replaces the open circuit 
losses by passing approximately | mA per ampere-hour 
capacity continuously through the cell and involves no 
wear upon battery plates. The rate of ‘trickle’ is somewhat 
less for larger capacity batteries, being 100 mA for a 
100 Ah/10 cell, 140 mA for a 240 Ah/10 cell and approxi- 
mately 210 mA for a 450 Ah/10 cell. Proper trickle 
charging will maintain the cells in a healthy and fully 
charged condition indefinitely. There is no need whatever 
for cycles of discharge recharge if the Planté plate station- 
ary battery is maintained on trickle charge operation, as 
recommended by the battery manufacturer. 

The precise value of trickle charge to maintain a battery 
in a healthy condition is usually determined under actual 
site conditions, since factors such as site temperature may 
influence the open circuit losses. The correct value of 
trickle charge current is the minimum which will keep 
the battery fully charged with the specific gravity of the 
acid at its maximum. The terminal voltage of a correctly 
trickle charged lead acid cell is usually between 2-25 and 
2-3 V per cell. 

Trickle charged batteries will operate for long periods 


Table A: Capacity in Ampere-Hours 


(expressed as a percentage of the ampere-hours available at the 10-hour rate) 


WHEN DISCHARGING IN 


1 2 3 4 5 
hour hours hours hours hours 
50°. 633% = -74-7° 78-2° 833° 


o 


6 7 8 9 10 
hours hours hours hours hours 
87-9°% 91:7% 95% 97 9% 100% 


Table B: Typical Lead Acid Voltages at 60 deg F (15-6 deg C) 


Rate of Normal trickle Discharge voltage Maximum recharge 
discharge voltage per ceil per cell voltage per cell 
Initial Final 
1 hour 2:25 1-97 1-75 2:75 
3 hours 2-02 1-80 
5 hours 2:04 1-82 
10 hours 2-05 1-85 


directly applicable to standby applications since the dis- 
charge periods more frequently considered are | and 3 
hours. It is necessary, therefore, to be able to convert 
readily from the 10-hour capacity to the 3-hour or I-hour 
capacity for these applications. 

Table A expresses the percentage of available capacity 
for lead acid cells, and shows that a lead acid cell having 
a quoted capacity of 100 Ah/10 would produce a capacity 
of 50 Ah for a |-hour rate of discharge, i.e. it will supply 
50 A for | hour. Also from Table A it will be noted 
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unattended under normal circumstances, but at installa- 
tions where extremely high temperatures are encountered 
a periodic check at monthly intervals is recommended. 
This check would be for the purpose of topping up with 
distilled water to compensate for evaporation losses. 


Cell Voltage Characteristics 

Cells have inherent voltage characteristics which vary 
throughout a cycle of charge and discharge, as shown in 
Table B. 
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This table shows the typical cell voltages that are 
obtained throughout a normal operating cycle for a 
trickle charged standby lead acid battery, i.e. trickle 
charge voltage—discharge voltage—quick charge voltage 

and reverting to trickle charge for various standby 
periods. The open circuit voltage of a lead acid stationary 
cell is approximately 2-08 V per cell 


Control Gear 
Control equipment should 


(i) be reliable and respond instantaneously to supply 
failure; 

(ii) have a life comparable with the battery, which may 
be in excess of twenty years; 

(iii) provide adequate and simple means for keeping the 
cells healthy by trickle or quick charge; 

(iv) afford easy maintenance; 

(v) include components that 
tested under operating conditions. 

(vi) Any automatic switch must be carefully designed, 
since the whole equipment is dependent upon it. 
The principle of switch design must be the automatic 
transfer of the battery to the emergency lights when 
a mains supply failure occurs. Automatic switches 
should not require electrical energy to take them 
to the emergency position but should operate by 
springs or gravity or a combination of both to 
transfer the switch from ‘mains alive’ to ‘mains 
failed’ position. 


have been thoroughly 


(vii) The equipment must be correctly selected for the 
duty. 

Equipment Type Selection 

The correct type of emergency lighting equipment may 

be selected by considering the function of the standby 


plant under normal and emergency conditions. There are 
three distinct types of equipment available which provide 


an automatic supply from battery on failure of the mains 
[hese are: 


(i) Floating battery equipment 
(ii) Non-maintained, with automatic switch 
(ii) Maintained, with automatic switch 


The ‘true’ floating battery equipment for emergency 
lighting applications does not normally utilize the advan- 
tage of trickle charging. (Reference to ‘true’ float should 
not be confused with floating trickle charge.) It is neces- 
sary to have ‘true’ float because of the voltage regulation 
permissible at the emergency lights circuit. For example, a 
nominal 100 V lead acid floating battery would comprise 
48 cells floating at 2-08 V per cell to give a normal de 
voltage of 100 V to the load. The cells cannot float at 
less than 2-08 V per cell, since this is the open circuit 
voltage, and any voltage less than 2-08 would mean that 
the battery would discharge. Upon supply failure the 
battery would supply the load for 3 hours to a minimum 
voltage of 1-80 V per cell, or 86-4 V across 48 ceils. If it 
be desired to utilize the advantage of trickle charge, the 
number of cells would have to be “os (since 2-25 is trickle 


voltage—see Table B). This results in 44 cells which would 
mean a final overall voltage at end of a 3-hour emergency 
of 79 V, which is considered too low for a nominal 100 V 
system. From Fig 3 it will be noted that a rectifier of the 
selenium metal or mercury arc type, or a motor generator 
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set, is connected to the ac mains supply and the battery is 
connected straight across the de output terminals which 
also supply the load. The de output voltage from rectifier 
or motor generator set is adjusted so that the battery 
neither charges nor discharges. The rectifier or motor 
generator set supplies the load when normal ac supplies 
are available. The advantage of this equipment is that 
there is no automatic switch which has to operate to 
put the load circuit across the battery when the supply 
fails. 

There are some disadvantages: 

The rectifier or motor generator set must be fully rated 
to supply the normal system lighting load. 

Fluctuations in the load or in the ac mains will neces- 
sitate manual or automatic adjustment of dc voltage 
output to preserve floating conditions. Selenium or mer- 
cury arc rectifiers are available to maintain the level of 
float voltage automatically without frequent attention, 
and while these are expensive, rectifiers of this type must 
be used if there is any likelihood of frequent load fluctua- 
tions. 

Battery life is reduced, because frequent freshening and 

MAIN SUPPLY equalizing charges have to be 

given to restore it to full capacity 

since there is no trickle current 
to compensate for losses. 

The charging of the battery 
: must take place with the load 
MG._ SET circuit disconnected, otherwise 
RECTIFIER the top of charge voltages quoted 
or a RAE wae in Table B would be applied 
to the load. It is, therefore, 
necessary with a floating system 
to ensure that time ts available 
to carry out a recharge, during 
which the standby battery must 
not be required. Extra main- 
tenance and attention is therefore 
necessary on floating battery 
equipments. 
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An equipment is now available 
which is specially suitable for 
village halls, school assembly 
halls, community centres, etc., 
which require an emergency 
supply of low wattage for a short period, perhaps once 
or twice a week. 

The equipment for this application would be generally 
as shown in Fig 4. It is a 12 or 24 V self-contained equip- 
ment which operates on the floating principle during the 
brief periods when the standby is required, but during the 
greater portion of the time, the battery is switched from 
the emergency lights circuit to trickle charge operation. 
The equipment shown will supply 240 W for a period 
of 3 hours and incorporates a 40 Ah 10 lead acid 
battery. 

This type of equipment is economical and does not 
contain an expensive automatic changeover switch, but 
it also has the advantage of trickle charge operation. It is 
only suitable, however, for installations that require the 
emergency standby infrequently, since to be effective 
trickle charging must be in operation almost continuously. 
It suffers from the same disadvantage as the floating 
battery in that, during recharge periods, it would not be 
possible to connect the standby equipment to the lights, 


LOAD 





Fig 3. Simple floating 
battery circuit 
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since the high voltage would bring about failure of the 
lamps. 

Ihe floating battery system has been used for many 
years in cinemas and theatres in certain areas where the 
local licensing authority would not permit the use of 
automatic change-over switches. With the development of 
automatic switches to a rigid and detailed specification, it 
is expected that the majority of equipments installed in 
the future will be of one or other of the automatic types. 


Automatic Non-maintained Equipments 

Figs 5 and 6 show the basic circuits. * Non-maintained’ 
means that the emergency lighting is not normally illu- 
minated until there is a failure of the mains supply, and 
the circuit is therefore ‘dead’ until a failure occurs. The 
battery is idle and (in the case of lead acid cells) receives a 
continuous trickle charge from the equipment. 

The non-maintained system necessitates a separate 
circuit of emergency lamps, in addition to the circuit 
providing illumination from the normal ac supply. The 
automatic switch may be of the single- or double-pole 
type, with the coil energized from the mains supply and 
arranged so that on a mains failure the switch closes the 
battery on to the non-maintained emergency lights circuit. 
The battery then discharges according to the discharge 
rate previously determined. On restoration of the mains 
supply, the switch will automatically break the circuit 
between battery and load, and the non-maintained circuit 
will again become ‘dead’. 

Only after any appreciable discharge does the battery 
require a quick charge. A selector switch on the equip- 
ment enables a pre-set rate of charge to be given, follow- 
ing which the equipment reverts to trickle charge (or open 
circuit for alkaline cells). A circuit which is normally 
‘dead* should not be under the control of any hand 
switches between load and battery. Failure of the emer- 
gency lights to operate when required has been traced 
several times to isolating switches having been left open, 
and it is better to have an inadvertent discharge when the 
lights are not required than to risk the lights not operating 
at an emergency. 

An exception arises when the switch isolating the emer- 
gency lights is suitably interlocked with the switch con- 
trolling the normal illumination. The switching would 
then be arranged so that the emergency lights switch 
would be closed only when the normal ac circuit switch 


is *on’. 


Automatic Maintained Equipments 

With this system the emergency lights are supplied from 
a circuit that is always maintained alive. The circuit is 
connected to the normal ac supply if the mains are 
healthy, but the same circuit of lights is automatically 
transferred to the battery on a mains failure. Thus the 
lighting is fed from either ac or de at all required times. 
(See Fig 7.) 

The most common application for a maintained circuit 
is in cinemas, where legal requirements insist that exit 
lighting must be illuminated during the whole time the 
public are on the premises. For ac mains it is usual to 
select the most economical battery voltage for the main- 
tained circuit and to utilize a step-down transformer to 


supply the circuit normally. In many cases the voltage of 


the maintained circuit is less than the supply voltage, e.g. 
25, 50, or 100 V ac or de. 
The disadvantages of the floating battery equipment 
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mentioned earlier do not apply to the maintained system. 
Apart from less maintenance, important points in favour 
of the maintained system are: 


(i) The cells are normally operated on trickle charge, 
and this is conducive to long life. 

(ii) The load is normally supplied by the ac mains and 
does not have to be first converted to dc, as with a 
floating battery system. 

(iii) The number of cells chosen may be increased to any 
number to satisfy voltage requirements of particular 
installations. The limiting factor is the need to ensure 
that for a given number of cells the initial voltage on 
discharge (given in Table B) does not result in over- 
voltage and possible failure of lamps immediately 
the load is transferred to the battery. 

(iv) It is possible to charge the battery at the same time 

as the safety lighting circuit is alive, since sup- 

plies for charging and lights are from independent 
circuits. 

The higher charge voltage cannot reach the safety 

lighting because of the action of the automatic 

switch. 


(V 


Charging arrangements for the maintained system are 
similar to those of the non-maintained system, the prin- 
cipal difference being the automatic switch arrangement 
and the addition of the step-down transformer (if the 
chosen battery voltage warrants this feature). 

The maintained circuit may be used to form part of 
the normal illumination in a building and may result in 
reducing the amount of cable required, which would be 





Fig 4. A typical 24 V, 240 W equipment 
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the case when several selected circuits of lights are con- 
nected via a maintained equipment. In the event of mains 
failure, the same circuits are transferred to the battery. 
Such selected circuits would often supply lighting points 
in stairways, corridors, exits, etc., and provide sufficient 
lighting to prevent any hazard. 

It is, of course, wise to ensure that the lighting fittings 
providing the normal illumination in a building are suit- 
able for ac de operation. Many lighting schemes to-day 
include decorative fluorescent fittings which include start- 
ing gear suitable only for ac working. In these cir- 
cumstances there is no alternative but to run a separate 
emergency lighting circuit to a number of filament lamps 
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situated at carefully chosen points. This equ 

be operated as a non-maintained system at 
suitable battery voltage, since the fluorescent lam 
provide normal illumination, and the filament 
would be ‘on’ only during an emergency period 


Battery Charging Arrangements 

The usual value of current for quick charge is 7 psx 
cent of the 10-hour capacity for lead acid cells, and 10 per 
cent of the 10-hour capacity for steel alkaline cells. (These 
rates are known as the ‘finishing’ rate of charge.) 

Since nearly all supply systems are ac, it is necessary to 
rectify or convert them to de for charging the battery. 
The means most commonly used for this purpose for 
standby battery voltages of 25, 50, and 100 is the selenium 
metal rectifier. For 240 V battery schemes there is justifi- 
cation on grounds of economy for the use of a mercury 
arc equipment. Both equipments are static and have 
tended to supersede the motor generator set for battery 
charging. 

On the important issue of reliability, the glass bulb 
mercury arc rectifier has proved to have a life comparable 
with that of the battery and will thus give very many years 
of trouble-free service. In low temperatures the mercury 
glass bulb rectifier should be fitted with cubicle heaters, 
preferably operated by thermostatic control. Adjustment 
of voltage from the mercury arc rectifier required during 
a battery recharge is quite simply achieved by grid 
control. 


A standby battery is recharged infrequently and 
the question of efficiency of conversion is not so 
important. 
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The characteristics of selenium metal rectifiers are 
somewhat complex, and to obtain the maximum reliability 
and reasonable life the detailed service conditions require 
to be known by the control gear or rectifier manufacturer. 
Full-wave rectification is available by means of bridge 
connexion. Proper cooling is essential for the operation of 
these rectifiers and full use is made of natural air convec- 
tion. Selenium rectifier equipments may be mounted 
within a totally enclosed cubicle, but it is essential that 
the temperature rise at the rectifier discs is within the 
manufacturer's upper limit. The mass of the cubicle must 
be sufficient to ensure adequate cooling. 

Variation of voltage on selenium rectifier equipments 
may be achieved by the use of a rotary selector switch 
which is connected to the transformer secondary tappings. 
\ fixed choke or ballast resistance may also be used to 
obtain a suitable taper characteristic of charge current, 
and this has the advantage that manual attention through- 
out a recharge is not necessary 

The recharge current should be available throughout a 
voltage range of 2-0 to 2:75 V per cell for emergency 
lighting applications 

Trickle and quick charge may be obtained from the 
in the smaller sets, but if the quick charge is 
in the order of 3 KW, a separate selenium rectifier circuit 
may be included to provide the few milliamperes necessary 


for trickle charge 


Same rectinel 


Where use is made of the mercury arc rectifier for quick 
charge it 1s accepted practice to use a small selenium 
metal rectifier for trickle charge 


Period of Standby 
To decide the most suitable scheme it is important to 
ether the installation will be subject to approval 
the local licensing authority, and any special require- 
nts of the particular authority. In Britain, buildings 
ng under the licensing authority, such as cinemas, 
icatres, assembly halls, etc, must provide a_ battery 
ficient to supply adequate standby lighting for 3 hours. 
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Fig 6. Simple non-maintained trickle charge automatic 
switch circuit (double-pole scheme) 


THE BEAMA JOURNAL 





For hospitals there is no compulsory period of standby, 
and periods vary from | to 3 hours. Other buildings and 
installations have a battery capacity to fit in with en- 
visaged emergency conditions and the period of standby 
usually varies between | and 3 hours. 


Size of Battery 

The voltage, discharge current, and period of standby 
are required to estimate the capacity of battery required. 
The number of cells may be decided after selecting the 
nominal voltage, and reference to Table B will enable the 
minimum emergency voltage to be calculated for a given 
discharge rate, i.e. standby period. The voltage of the 
emergency battery depends upon the disposition of the 
lighting circuits relating to the battery, and estimates 
should take into account the cost of the control gear plus 
the cost of cables for the emergency circuits. It is more 
economical from the battery point of view to increase cell 
ampere-hour capacity and use a lower voltage for a given 
wattage discharge, though, of course, the lower voltage 
means increased cable sizes to minimize voltage drop. 
Between the battery and the furthest lighting point voltage- 
drop can be appreciable. 

The choice of voltage may not always depend upon 
pure economics since consideration must be given to any 
special voltage requirements of the lighting system. For 
instance, various types of main lamps in hospital operat- 
ing theatres use a number of 24 V high efficiency lamps in 
a fitting that has no separate circuit of emergency lamps 
for connecting to a non-maintained system. With this 
type of lighting fitting the 24 V supply to the lamps 
must be maintained, from either ac or de, via a main- 
tained equipment, all the time the operating theatre is 
in use. 

The architectural features of the building or installation 
will decide the disposition of lighting points, and the 


emergency lighting wattage needs to be only a fraction of 


the normal lighting. Small wattage 12 and 24 V lamps 
are widely used, since the lumen output from low voltage 
lamps is better than that from the higher voltage mains 
lamps. A direct comparison shows the initial lumens 
from a 24 V, 40 W lamp to be at least 500, while a 
230 V, 40 W lamp is quoted by one lamp manufacturer 
as 415 lumens. 

Having selected the appropriate battery voltage and 
decided upon the total wattage of emergency lighting 
points, the discharge current in amperes is easily cal- 
culated. Knowledge of the period of standby (i.e. dis- 
charge rate of battery) and the discharge current will 
determine the selection of a suitable battery capacity. 
Compensation for voltage-drop between battery and load 
is customarily provided by the use of a few extra cells. 
Typical numbers of lead acid cells for various voltages on 
maintained and non-maintained systems are 7 cells for 
12 V, 14 cells for 25 V, 26 cells for 50 V, 50 cells for 100 V, 
and 120 cells for 240 V. 


Battery Accommodation 

Sufficient room, and of course adequate light, should be 
available around the cells to inspect the electrolyte. The 
temperature of the battery room should be kept moderate 
and preferably should have ventilation direct to outside 
air. The use of a fan for forced ventilation is seldom 
required. When cells are on quick charge, four air changes 
per hour are generally ample for dispersing the gases 
given off from the cells. For overseas, and particularly in 
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tropical climates, it must be remembered that cell tem- 
peratures rise during a quick charge. The upper limit of 
temperature for lead acid cells of the type discussed is 
normally about 110 deg F (43 deg C), but for very short 
periods cell temperatures as high as 125 dez F (52 deg C) 
are the recommended maximum. Prolonged overheating 
will shorten battery life. 

For steel alkaline cells the normal limit is 120 deg F 
(49 deg C), but in tropical countries temperatures 
up to 136 deg F (58 deg C) are acceptable for short 
durations. 

Steel cabinets for housing the cells should incorporate 
louvres for ventilation and adequate room for the topping 
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Fig 7. Simplified maintained trickle charge automatic 
switch circuit 








up of cells. During the infrequent periods of quick charge, 
the cabinet doors should be opened. 


Choice of System 
Fither a floating battery system or maintained auto- 
matic switch system may be preferred by a particular local 
authority when it is necessary to illuminate lighting points 
continuously during periods of possible hazard. The many 
advantages of the maintained automatic switch system 
should be considered when selecting a system. Apart from 
legal requirements, certain installations, such as multi- 
story office blocks, departmental stores, factories, etc, 
may require particularly long runs of cable to the furthest 
lighting point, and a degree of illumination may be 
necessary even during daytime in offices, corridors, stair- 
ways, etc. A maintained system would be used and made 
to form part of the normal illumination. The long runs of 
cable are thus better utilized by serving both for normal 
and emergency conditions, as distinct from the non- 
maintained circuit that is ‘dead’ until an emergency 
arises. If long runs of cable are of necessity involved, it is 
usual for this latter type of maintained equipment to 
employ a 240 V battery. 

The use of a 240 V battery also means that it may 
not be necessary to provide a step-down transformer for 
the maintained circuit, since 240 V single phase ac would 








normally be supplied to the load via the automatic 
switch, and during a mains failure the contactor would 
transfer the load to the 240 V battery. 

One interesting application for battery-fed emergency 
lighting on the maintained system is the provision of pilot 
lighting around factories to enable a watchman or fireman 
to carry out his nightly inspection even during emergency 
periods when the normal mains supply has failed. By 
suitable switching arrangements, the maintained system 
can be changed to a non-maintained system during the 
daytime and so provide a source of emergency lighting 
for the factory during normal operating hours. 

Sometimes a compromise is achieved by having a 
certain amount of lighting on a maintained system, and 
additional non-maintained lighting connected to the 
battery when the contactor changes to emergency posi- 
tion. This would be typical of a theatre load in which the 
exit signs must be on a maintained system, and additional 
auditorium lighting on a non-maintained circuit Is 
switched on only during mains failure. In such cases the 
change-over contactor would be arranged for the dual 
role. The discharge currents of maintained and non- 
maintained circuits must be added together for the 
calculation of battery capacity. 

Other standby installations not coming within the scope 
of the above would fall into the general category of non- 
maintained automatic switching systems 

The maintained or floating system is thus used if we 
require the same lamp to be illuminated normally and also 
during emergency, whilst the non-maintained system illu- 
minates a special emergency lamp during emergency 
periods only. 


Hospital Installations 

Special mention may be made of emergency lighting in 
hospitals. The emergency lighting is arranged to provide 
a standby supply to the total number of main lamps in the 
operating theatres and to provide a standby supply to 
corridors, anaesthetic and sterilizing rooms and any other 
rooms in which essential duties are carried out. The pre- 
cise emergency system for the main lamps depends upon 
their type and manufacture. Several different designs are 
available and some do not incorporate separate lamps for 
connexion to a non-maintained system. If emergency 
lamps are included in the fitting in addition to the main 
lamp, then it is usual to supply the separate lamps from a 
non-maintained system at the economical battery voltage 
Since the emergency lights must come on should the main 
lamp go off, whether because of mains failure, local fuse 
failure, or lamp filament failure, a special switching relay 
has been developed for connecting in series with the main 
lamp. The switching is effected by mercury tubes and the 
relay can thus be classified as sparkless—a very necessary 
feature in operating theatres. If separate lamps are not 
provided, the main lamp is usually supplied from a main- 
tained ac de system. 


Cinema Regulations 

The specialized field of the British Cinematograph Act 
of 1952 (which revises the 1909 Act) may be reviewed 
more fully by reference to the following: 


1. The Cinematograph Act, 1952. 


2. The Cinematograph Regulation 1955: Statutory 
Instrument No 1129. 
3. The Cinematograph Regulation 1955: Statutory 


Instrument No 1125 (applicable to Scotland). 
Home Office Circular No 150, 1933. 
Recommendation of Safety in Cinemas. 

Code of Practice CP 1007 1955. 

British Standard No 764 1954 relating to design of 


change-over contactors. 


IDs 


Automatic Switch Design 

To meet the demand fora reliable automatic change-over 
contactor, BS 764: 1954 was introduced. This relates to 
standard ratings of 15 A, 30 V and 15, 30, 60, and 100 A 
at voltages not exceeding 250. It applies principally to 
maintained systems. 


Iypical Installations 

Standard equipments are available from reliable battery 
manufacturers ranging in output from 120 W to 9 KW at 
various battery voltages for maintained or non-maintained 
systems. A number of 240 V maintained system equip- 
ments, with output ratings between 10 kW and 20 kW, 
have been supplied to floodlit football installations for the 
purpose of maintaining the lighting in dressing-rooms, 
Stands, passageways, and other vital points while the 
public are on the premises. 

A maintained installation is normally supplied from ac 
mains, and if the required load exceeds 10 kW it is often 
preferred to balance the ac loading across a 3 phase, 4 
wire system. Three separate emergency circuits are then 
utilized, each with its own * phase’ contactor. A failure of 
only one phase would mean | 3 of the total discharge on 
the battery, while a total failure would put all three 
emergency circuits across the ‘common’ battery. 

For certain non-maintained systems it is sometimes 
desired to ensure the illumination of the emergency lamps 
on a failure of any one phase of a normal 3 phase, 4 wire 
ac system. This is achieved by using a reliable phase 
failure relay, which operates the automatic switch and 
connects the emergency lights to the battery. 


Conclusion 
In buildings or installations not covered by legal require- 
ments there ts no defined system of emergency lighting. 
[he factors that influence the choice of system have been 
suched upon in this article, but much experience has 
been gained by reputable battery manufacturers and it 
may be advisable to consult such a manufacturer if any 
special problems or circumstances exist. 





THE BEAMA JOURNAL 





The Tenth British Electrical Power Convention 


The theme of this year’s Convention— Electri- 
cityand World Progress—Britain’s Contribution’ 

-afforded ample scope for a_ wide-ranging 
survey of many aspects of British electrical 
achievements, with considerable emphasis on 
nuclear power and on electrical exports. 

In the following pages are summaries of the 
principal points of the Convention papers. 

That the Convention owed much of its success 


to the personality of this year’s President—Sir 
George Nelson, Bt, LLD, FCGI, DIC, 
MIMechE, MIEE—was evidenced by the 
whole-hearted acclamation of all the delegates 
after his Presidential Address, at the annual 
dinner, and at the Annual General Meeting, 
when Sir George, at the end of his year of office, 
invested the new president, Mr C. R. King, 
CBE, CompIEE, M Inst F. 


First Session: The Presidential Address 


TAKING as his subject the theme for the Convention: 
‘Electricity and World Progress—Britain’s Contribution’, 
Sir George Nelson began by demonstrating the truth 
behind the claim that electricity brings better living to the 
world and presented some estimates based on discussions 
at the 1955 Geneva Conference on the peaceful use of 
atomic energy. In 1900 the world population was 1600 
millions; in 1950 it had increased to 2400 millions, and 
he estimated that in the year 2000 it would be 3700 
millions. In 1900 the world consumption of electricity 
was 9000 million units; in 1950 it had increased to 
1,000,000 million units, and he estimated that in the year 
2000 the consumption would be 9,000,000 million units. 
Expressing electricity as a percentage of the world total 
fuel consumption, the figures for the years 1900, 1950, and 
2000 were 3, 21, and 47 per cent respectively. In 1950 
industrial production was five times greater than it was 
in 1900, and he estimated that in 2000 production would 
be 810 times the 1950 figure. 

Sir George said that Britain had made an unparalleled 
contribution to development in all parts of the world, 
and the electrical manufacturing industry was this 
country’s second greatest exporting industry. The funda- 
mentals of electrical science were laid by Michael 
Faraday, and in our own electrical industry the greatest 
early British contribution was undoubtedly the develop- 
ment of the steam turbine by Parsons, and this was still 
the basis of all thermal power stations—nuclear as well 
as fossil fuel fired. The steam turbine had been greatly 
developed and quite remarkable advances had been 
achieved. Britain had made important advances in the 
distribution of electricity. The total capacity in England 
and Wales now exceeded 24,000 MW, almost the whole 
of which was fed straight into the 275 kV super grid or 
the 132 kV grid, making this the largest interconnected 
supply system in the world. This had provided British 
engineers with a first-class development laboratory for 
switchgear, transformers, cables, and ancillary distribu- 
tion equipment and for the whole technology of the 
distribution of electrical energy. 

The lack of great hydro resources in this country often 
led foreigners to believe that Britain had played no signifi- 
cant part in the development of hydro-electric power. 
The falsity of this belief would be shown later in the 
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Convention by a paper to be presented on British hydro- 
electric plant. There was a possibility that China and 
Russia might wish to purchase hydro-electric equipment 
from abroad and it was essential that they, and others, 
should recognize Britain’s commanding position in this 
field. 

The operation of the large network of electric trains 
in the Southern Region of British Railways had enabled 
British companies to develop traction equipment to an 
extent not possible anywhere else in the world and had 
provided British manufacturers with a steady base load 
for their work. The equipment supplied to foreign rail- 
ways ran into many hundreds of millions of pounds. 

Another major contribution which British industry 
had made to world progress had been in the export of 
electrical equipment to all parts of the world. Great 
Britain had been responsible not only for sending a large 
amount of machinery and equipment to overseas countries, 
but had also been involved in the execution of complete 
electrification projects. In Australia, New Zealand, South 
Africa, Rhodesia, and in many other countries, almost 
the whole of the generating and distribution equipment 
had been supplied from the United Kingdom. 

Equipment and money were not everything, and the 
British electrical industry both in its manufacturing and 
supply aspects had contributed immensely to the establish- 
ment of industries in other countries by their willingness 
to train young men from many parts of the world in the 
operation and maintenance of the equipment produced 
in Britain. Through the FBI scholarships and the efforts 
of many individual companies there had been a constant 
stream of individuals to these shores seeking knowledge. 
He estimated that approximately 600 qualified electrical 
engineers returned from Britain to overseas territories 
every year to take up responsible positions, fortified with 
their knowledge and experience of British practice. 

On behalf of the manufacturers Sir George paid 
tribute to the supply industry who had cooperated 
willingly in providing operating experience for their 
trainees. This had done much to facilitate the sale of 
British products overseas and was a vital contribution 
to the country’s economy by the nationalized industries. 

‘Britain has made an important contribution to world 
progress through the application of electricity to im- 
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proving living standards,’ said Sir George, * but we cannot 
be content to rest upon our laurels. Our own standard 
of living is dependent upon sustaining our position in 
world trade, for it is impossible to support a population of 
50 millions on the resources of this island alone. Unless 
we are prepared to face with equanimity the reduction of 
our population by half we have to continue and increase 
our efforts to export the goods and knowledge that the 
rest of the world needs.’ 

The world demand for electricity was steadily increasing, 
but we could not take the growth of our exports for 
granted. Three major factors which had to be taken into 
consideration were: the growth of local manufacture in 
countries which were formerly among our best markets; 
the development of export business by other countries; 
and financial and trading developments such as the recent 
creation of the European Common Market. 

Although local industrialization might stop our exports 
of certain goods, the usual effect was to stimulate the 
exports of other goods. The growth of those factories 
involved demands for factory machinery, including 
electric motors and transformers; for electric power 
supplies; for generating and distributing equipment; for 
railways and other services. 

The growth of local industries also led to the creation 
of towns, cities, and wage-earning populations with a 
powerful demand for amenities. All experience indicated 
that the demand for imports of electrical equipment 
tended to grow more rapidly in industrial countries than 
in non-industrial countries 

The formation of the European Common Market was 
of the greatest significance to us. If it went ahead and we 


were not associated with it through a free trade area or 
in some similar fashion we might find ourselves trading 
under very great handicaps in this most valuable market, 
and the Continental manufacturers operating within the 
common tariff wall with a home market of some 350 
million people might well be able to outstrip us in size 
and productive capacity and so be able to compete with 
us in Commonwealth, Asiatic, and Latin American 
markets on more favourable terms. For this reason it 
was of the greatest importance that we keep in close 
touch with developments on the Continent in the coming 
years. 

Some people had spoken as if the developments in 
Europe posed us with a choice between Europe and the 
Commonwealth. Personally he did not believe this to be 
so, for the true position was much more complex. The 
old pattern of exchanging British industrial goods for 
Commonwealth primary products was no longer accept- 
able. Commonwealth countries were seeking to produce 
their own industrial goods and to buy from a wider field. 
Furthermore, their primary industries were expanding 
more rapidly than the British market so that for many 
of them, New Zealand in particular, the European market 
offered a real attraction. All those factors pointed to the 
need for a closer integration of the Commonwealth and 
European economies, and we in Britain, who were still 
the leaders of the Commonwealth and who could be the 
leaders of the European community, had an essential 
part to play in bringing about this close integration. In 
such a European-Commonwealth economic association 
Great Britain would have a leading role to play as 
financier and as technical and scientific leader. 


Second Session: *The Development of Nuclear Energy for Electricity Supply in Great Britain’ 
Sir Christopher Hinton, KBE, FRS, MA, BSc, MICE, MI MechE, MIChemE 


Chairman, Central Electricity Generating Board 


In a closely reasoned review of Britain’s nuclear power 
programme from its inception, through the subsequent 
Stages of its development and a forecast of future trends, 
Sir Christopher Hinton presented a carefully balanced 
picture of optimism and caution. The former, because 
experience indicates that the first stage of our nuclear 
programme has been successful from every point of view: 
the latter because future trends underline the need for 
making the fullest possible use of the load generated by 
nuclear stations and for bringing down their cost, other- 
wise the magnitude of the programme will overtake its 
economics through the inability of nuclear reactors to 
carry peak loads at competitive costs. 

Sir Christopher recalled that the United Kingdom's 
programme for the industrial use of nuclear power was 
published as a White Paper in 1955. It envisaged the con- 
struction by 1965 of 12 nuclear power plants having a 
total capacity of between 1500 and 2000 MW sent out. 
In fact the target which was aimed at was 1800 MW, 
equivalent to about 5 million tons of coal a year. The 
cost of power from these nuclear power plants was 
estimated to be about 0-6d per unit and this was stated 
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to be approximately equal to the cost of producing 
electricity in the conventional power plants then being 
designed. 

During the summer of 1956 there was considerable 
development of thought which led to a very great expan- 
sion of the programme. 

One of the factors which started this trend of thought 
was the growth in size of reactor which was considered 
to be practicable, and the work of the consortia formed 
by industry to carry out the programme showed that 
the capacity of a 2-reactor station was likely to be of the 
order of 300 MW as compared with the 100-150 MW 
visualized in the White Paper. In March 1957 it was 
announced that the programme would be expanded, and 
the target for 1965 would be lifted from its initial level 
of 1500 to 2000 MW to a level of 5000 to 6000 MW. 
This decision was taken in spite of the fact that the 
economics of nuclear power looked slightly less favour- 
able in 1956 than had been anticipated in the White 
Paper. 

The reason for this unfavourable change in the 
economic assessment arose from a re-estimation of the 
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value which ought to be assigned to the by-product 
plutonium. During 1956 it was realized by the scientists 
that only limited burn-up of plutonium could be achieved 
in thermal reactors, which meant that its value as a fuel 
was less than expected and that it could be fully used as 
a fuel only in fast reactors. Meanwhile, it had become 
apparent that a great deal of work had to be done before 
the fast breeder system was evolved, and it was not un- 
reasonable to reflect this in the plutonium credit. 

The other factor which tended to reduce this credit 
was that America had decided to make considerable 
quantities of enriched uranium available through the 
International Agency. 

These two factors together led to the conclusion that 
the plutonium credit allowed in the White Paper—about 
0-35d per unit—was too high, and by the end of 1956 the 
published figure had been reduced to 0-07d per unit. 
This reduction was to some extent offset by the fact that 
the capital cost of the initial stations was rather lower 
than had been expected, but the published figures showed 
that the estimate of cost per unit sent out had risen from 
0-6d to 0-66d. The large expansion of the programme 
which was adopted in 1957 brought with it another 
major problem. The cost of electricity produced in nuclear 
power stations had been based on the assumption that 
these power stations would work as base load stations 
with an annual load factor of 75 per cent. To use nuclear 
power stations in such a way was obviously wise because 
of their high capital cost, but it was a privilege which 
they could not enjoy indefinitely unless system load 
factors were considerably increased by, for example, 
three-shift working in industry. At present the load 
factor on the British electricity supply system was under 
50 per cent and the minimum continuous load was only 
about 3000 MW. This occurred at night during weekends 
in the summer and was, in effect, the base load. 


Need for Flexible Operation 

A study of the estimated growth of the night load 
together with the forecast of the maximum nuclear 
capacity for the period 1960 to 1970 showed that up to 
1966 the continuous load would always exceed the total 
capacity of the nuclear power stations, and these stations 
therefore would be able to operate as base load stations 
if the necessary transmission were provided. In this 
sense, flexibility of operation was a highly desirable but 
not essential characteristic for the plants to be commis- 
sioned by 1966. Beyond 1966, the total nuclear capacity 
would exceed the expected night load, and therefore, if 
the full output of these stations were available, they 
would be required to operate at reduced load during 
weekends in the summer. 

After 1969, and again if the nuclear stations had an 
availability of 100 per cent, some of the stations would 
be required to reduce output at night during the week, 
in addition to weekends. Nuclear capacity in 1970 would 
have exceeded the continuous load on the system, and 
these stations, therefore, must be capable of operating at 
load factors of less than 75 per cent. 

In those circumstances, nuclear power could only 
continue to compete if the capital cost per MW had 
been considerably reduced, and this reduction must have 
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been achieved by 1966, because it was at that date that 
the plants would be ordered and designed. 

Sir Christopher then indicated the way in which the 
cost of nuclear power might be expected to fall if develop- 
ment work was continued as successfully in the future 
as has been done in the past, pointing out that the 
reductions in capital cost achieved in the power plants 
now being built for the CEGB have been brought about 
by developments in conventional engineering applied to 
the Calder Hall design by the consortia. There was still 
room for further improvements of this sort which could 
reduce capital costs even more, but beyond a certain 
point, reduction in capital cost depended on raising the 
top temperature which could be achieved in the reactor. 
To do this, improvements in all parts of the reactor 
would be necessary, but the vital problem was in the 
development of the fuel elements. 


The Future Outlook 

Sir Christopher went on: ‘We therefore come to the 
conclusion that although improvements in the perform- 
ance of the gas-cooled graphite-moderated reactor arising 
from engineering developments can be expected over the 
next two or three years, the long term improvements 
arising from the achievement of a higher top temperature 
can only arise from major developments in technology 
involving the use of ceramic fuel elements canned in some 
such material as beryllium, and made in such a form that 
higher ratings and higher burn-ups can be achieved. 

‘If the research and development work which is 
necessary in order to bring down the capital cost of 
nuclear power plants is not complete and sufficiently 
well established by 19667, when orders will have to be 
placed, then there can be only one of two results. Either 
we shall have to proceed with the installation of nuclear 
power plants which will produce electricity more expen- 
sively than it could be produced from conventional 
plants, as would be required if there were to be a severe 
shortage of coal, or alternatively, we shall have to swing 
back towards the use of conventional power plants.’ 

Because of the financial restrictions imposed last year, 
the attainment of the target of 5000 to 6000 MW of 
nuclear power by 1965 might be delayed by about twelve 
months. Even so, in 1965, the annual programme was 
expected to amount to some 1400 MW and this rate of 
installation might continue through the late 60s. If all 
went well, nuclear capacity by 1970 would have reached 
the base load, and after that time, if the same rate of 
installation continued, a proportion of the nuclear 
Stations would have to work at reduced load factors. 

If flexibility of operation could not be built into these 
nuclear stations, and if their capital cost could not be 
reduced to the point where they could generate electricity 
as cheaply as conventional plants on a reducing load 
factor, then instead of continuing to install plant at a 
rate of not less than 1400 MW per annum the figure 
might fall to 300 400 MW to match the probable growth 
in the base load. In order to make good the deficit, the 
amount of conventional plant would have to be increased 
to about 2000 MW per annum. The only alternative 
would be to continue to install nuclear plants even 
though generation costs would be higher. 
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proving living standards,” said Sir George, * but we cannot 
be content to rest upon our laurels. Our own standard 
of living is dependent upon sustaining our position in 
world trade, for it is impossible to support a population of 
50 millions on the resources of this island alone. Unless 
we are prepared to face with equanimity the reduction of 
our population by half we have to continue and increase 
our efforts to export the goods and knowledge that the 
rest of the world needs.’ 

The world demand for electricity was steadily increasing, 
but we could not take the growth of our exports for 
granted. Three major factors which had to be taken into 
consideration were: the growth of local manufacture in 
countries which were formerly among our best markets; 
the development of export business by other countries; 
and financial and trading developments such as the recent 
creation of the European Common Market. 

Although local industrialization might stop our exports 
of certain goods, the usual effect was to stimulate the 
exports of other goods. The growth of those factories 
involved demands for factory machinery, including 
electric motors and transformers; for electric power 
supplies; for generating and distributing equipment; for 
railways and other services. 

The growth of local industries also led to the creation 
of towns, cities, and wage-earning populations with a 
powerful demand for amenities. All experience indicated 
that the demand for imports of electrical equipment 
tended to grow more rapidly in industrial countries than 
in non-industrial countries. 

The formation of the European Common Market was 
of the greatest significance to us. If it went ahead and we 


were not associated with it through a free trade area or 
in some similar fashion we might find ourselves trading 
under very great handicaps in this most valuable market, 
and the Continental manufacturers operating within the 
common tariff wall with a home market of some 350 
million people might well be able to outstrip us in size 
and productive capacity and so be able to compete with 
us in Commonwealth, Asiatic, and Latin American 
markets on more favourable terms. For this reason it 
was of the greatest importance that we keep in close 
touch with developments on the Continent in the coming 
years. 

Some people had spoken as if the developments in 
Europe posed us with a choice between Europe and the 
Commonwealth. Personally he did not believe this to be 
so, for the true position was much more complex. The 
old pattern of exchanging British industrial goods for 
Commonwealth primary products was no longer accept- 
able. Commonwealth countries were seeking to produce 
their own industrial goods and to buy from a wider field. 
Furthermore, their primary industries were expanding 
more rapidly than the British market so that for many 
of them, New Zealand in particular, the European market 
offered a real attraction. All those factors pointed to the 
need for a closer integration of the Commonwealth and 
European economies, and we in Britain, who were still 
the leaders of the Commonwealth and who could be the 
leaders of the European community, had an essential 
part to play in bringing about this close integration. In 
such a European-Commonwealth economic association 
Great Britain would have a leading role to play as 
financier and as technical and scientific leader. 


Second Session: *The Development of Nuclear Energy for Electricity Supply in Great Britain’ 
Sir Christopher Hinton, KBE, FRS, MA, BSc, MICE, MI MechE, MIChemE 


Chairman, Centra! Electricity Generating Board 


In a closely reasoned review of Britain’s nuclear power 
programme from its inception, through the subsequent 
stages of its development and a forecast of future trends, 
Sir Christopher Hinton presented a carefully balanced 
picture of optimism and caution. The former, because 
experience indicates that the first stage of our nuclear 
programme has been successful from every point of view; 
the latter because future trends underline the need for 
making the fullest possible use of the load generated by 
nuclear stations and for bringing down their cost, other- 
wise the magnitude of the programme will overtake its 
economics through the inability of nuclear reactors to 
carry peak loads at competitive costs. 

Sir Christopher recalled that the United Kingdom's 
programme for the industrial use of nuclear power was 
published as a White Paper in 1955. It envisaged the con- 
struction by 1965 of 12 nuclear power plants having a 
total capacity of between 1500 and 2000 MW sent out. 
In fact the target which was aimed at was 1800 MW, 
equivalent to about 5 million tons of coal a year. The 
cost of power from these nuclear power plants was 
estimated to be about 0-6d per unit and this was stated 
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to be approximately equal to the cost of producing 
electricity in the conventional power plants then being 
designed. 

During the summer of 1956 there was considerable 
development of thought which led to a very great expan- 
sion of the programme. 

One of the factors which started this trend of thought 
was the growth in size of reactor which was considered 
to be practicable, and the work of the consortia formed 
by industry to carry out the programme showed that 
the capacity of a 2-reactor station was likely to be of the 
order of 300 MW as compared with the 100-150 MW 
visualized in the White Paper. In March 1957 it was 
announced that the programme would be expanded, and 
the target for 1965 would be lifted from its initial level 
of 1500 to 2000 MW to a level of 5000 to 6000 MW. 
This decision was taken in spite of the fact that the 
economics of nuclear power looked slightly less favour- 
able in 1956 than had been anticipated in the White 
Paper. 

The reason for this unfavourable change in the 
economic assessment arose from a re-estimation of the 
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value which ought to be assigned to the by-product 
plutonium. During 1956 it was realized by the scientists 
that only limited burn-up of plutonium could be achieved 
in thermal reactors, which meant that its value as a fuel 
was less than expected and that it could be fully used as 
a fuel only in fast reactors. Meanwhile, it had become 
apparent that a great deal of work had to be done before 
the fast breeder system was evolved, and it was not un- 
reasonable to reflect this in the plutonium credit. 

The other factor which tended to reduce this credit 
was that America had decided to make considerable 
quantities of enriched uranium available through the 
International Agency. 

These two factors together led to the conclusion that 
the plutonium credit allowed in the White Paper—about 
0-35d per unit—was too high, and by the end of 1956 the 
published figure had been reduced to 0-07d per unit. 
This reduction was to some extent offset by the fact that 
the capital cost of the initial stations was rather lower 
than had been expected, but the published figures showed 
that the estimate of cost per unit sent out had risen from 
0-6d to 0-66d. The large expansion of the programme 
which was adopted in 1957 brought with it another 
major problem. The cost of electricity produced in nuclear 
power stations had been based on the assumption that 
these power stations would work as base load stations 
with an annual load factor of 75 per cent. To use nuclear 
power stations in such a way was obviously wise because 
of their high capital cost, but it was a privilege which 
they could not enjoy indefinitely unless system load 
factors were considerably increased by, for example, 
three-shift working in industry. At present the load 
factor on the British electricity supply system was under 
50 per cent and the minimum continuous load was only 
about 3000 MW. This occurred at night during weekends 
in the summer and was, in effect, the base load. 


Need for Flexible Operation 

A study of the estimated growth of the night load 
together with the forecast of the maximum nuclear 
capacity for the period 1960 to 1970 showed that up to 
1966 the continuous load would always exceed the total 
capacity of the nuclear power stations, and these stations 
therefore would be able to operate as base load stations 
if the necessary transmission were provided. In this 
sense, flexibility of operation was a highly desirable but 
not essential characteristic for the plants to be commis- 
sioned by 1966. Beyond 1966, the total nuclear capacity 
would exceed the expected night load, and therefore, if 
the full output of these stations were available, they 
would be required to operate at reduced load during 
weekends in the summer. 

After 1969, and again if the nuclear stations had an 
availability of 100 per cent, some of the stations would 
be required to reduce output at night during the week, 
in addition to weekends. Nuclear capacity in 1970 would 
have exceeded the continuous load on the system, and 
these stations, therefore, must be capable of operating at 
load factors of less than 75 per cent. 

In those circumstances, nuclear power could only 
continue to compete if the capital cost per MW had 
been considerably reduced, and this reduction must have 
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been achieved by 1966, because it was at that date that 
the plants would be ordered and designed. 

Sir Christopher then indicated the way in which the 
cost of nuclear power might be expected to fall if develop- 
ment work was continued as successfully in the future 
as has been done in the past, pointing out that the 
reductions in capital cost achieved in the power plants 
now being built for the CEGB have been brought about 
by developments in conventional engineering applied to 
the Calder Hall design by the consortia. There was still 
room for further improvements of this sort which could 
reduce capital costs even more, but beyond a certain 
point, reduction in capital cost depended on raising the 
top temperature which could be achieved in the reactor. 
To do this, improvements in all parts of the reactor 
would be necessary, but the vital problem was in the 
development of the fuel elements. 


The Future Outlook 

Sir Christopher went on: ‘We therefore come to the 
conclusion that although improvements in the perform- 
ance of the gas-cooled graphite-moderated reactor arising 
from engineering developments can be expected over the 
next two or three years, the long term improvements 
arising from the achievement of a higher top temperature 
can only arise from major developments in technology 
involving the use of ceramic fuel elements canned in some 
such material as beryllium, and made in such a form that 
higher ratings and higher burn-ups can be achieved. 

‘If the research and development work which is 
necessary in order to bring down the capital cost of 
nuclear power plants is not complete and sufficiently 
well established by 19667, when orders will have to be 
placed, then there can be only one of two results. Either 
we shall have to proceed with the installation of nuclear 
power plants which will produce electricity more expen- 
sively than it could be produced from conventional 
plants, as would be required if there were to be a severe 
shortage of coal, or alternatively, we shall ha.e to swing 
back towards the use of conventional power plants.’ 

Because of the financial restrictions imposed last year, 
the attainment of the target of 5000 to 6000 MW of 
nuclear power by 1965 might be delayed by about twelve 
months. Even so, in 1965, the annual programme was 
expected to amount to some 1400 MW and this rate of 
installation might continue through the late 60s. If all 
went well, nuclear capacity by 1970 would have reached 
the base load, and after that time, if the same rate of 
installation continued, a proportion of the nuclear 
stations would have to work at reduced load factors. 

If flexibility of operation could not be built into these 
nuclear stations, and if their capital cost could not be 
reduced to the point where they could generate electricity 
as cheaply as conventional plants on a reducing load 
factor, then instead of continuing to install plant at a 
rate of not less than 1400 MW per annum the figure 
might fall to 300 400 MW to match the probable growth 
in the base load. In order to make good the deficit, the 
amount of conventional plant would have to be increased 
to about 2000 MW per annum. The only alternative 
would be to continue to install nuclear plants even 
though generation costs would be higher. 
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Third Session: *The Development of Nuclear Energy for Electricity Supply Overseas’ 
Sir Claude Gibb, KBE, DSc, FRS 


Chairman and Managing Director, C. A. Parsons & Co Ltd 


Starting from the thesis that there appears to be ample 
evidence that national prosperity increases with increases 
of electricity consumption per head, and that this applies 
throughout the world with but few exceptions, Sir Claude 
pointed out that a study of world reserves of coal and 
oil showed them to be quite incapable of meeting alone 
the fuel demands which would be made if electricity 
consumption continued to grow as it had during the 
past fifty years. The requirement for some additional or 
supplementary fuel was with many nations to-day and 
would be with many others within ten or twenty 
years. 

‘The name Calder Hall is known throughout the 
world and Britain gained much badly needed prestige 
by the brilliance of conception and its successful design, 
construction and operation, said Sir Claude. ‘The fact 
that many of the considerations leading to the final 
design decisions were economic, and some of expediency 
dictated by availability of supplies and materials, in no 
way detracts from the final result, which is that the 
graphite moderated gas cooled reactor is the most 
economic type available in the world to-day for large 
power outputs.’ 


The outstandingly successful operating experiences of 


Calder Hall had enabled many valuable advances in 
design and operation to be made in the subsequent 
nuclear stations now being built. Considerable reductions 
in capital cost per kW installed had already been made, 
and the possibilities of still further reductions could now 
be seen as the result of further research. Probably the 
biggest single factor in capital cost reduction was the 
increase in reactor output. 

He then specified what may be accepted 
medium, and small, when applied to electricity outputs, 
pointing out that five years ago in Britain 60 MW was a 
large unit; to-day it is medium, and in a further five years 
will be regarded as a small unit. He therefore adopted 
the following quite arbitary sizes which, in the short 
time of a decade, will need adjusting upwards 


as large, 


t 


Small reactors: those with a net electrical output not 
exceeding 20 MW. 

Medium reactors: those between 20 MW and 100 MW. 

Large reactors: with a net electrical output exceeding 
100 MW. 


On capital cost, Sir Claude gave the following figures. 
Modern hydro-electric power between 
£100 and £150 per kW installed, and in most countries 
require long and costly transmission lines. However, 
hydro fuel costs, station operating and maintenance 
costs are extremely small; moreover, the life of hydro 
Stations is frequently as between fifty and 
eighty years, so depreciation and or sinking fund charges 
are also low. Thus the high capital cost spread over such 
a long period rarely amounts to a unit charge as high 
as that of a coal-fired station costing a half or even less 


Stations cost 


reckoned 
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per kW installed but arbitrarily given a life of about 
twenty-five years. A large capacity coal-fired station 
say, 600 to 800 MW—to-day would cost between £50 
and £55 per kW installed. 

A large nuclear station with two reactors and an oul- 
put of 600 MW would cost some £110 per kW installed, 
exclusive of the first charge of fuel. It would have a fuel 
cost per kW approximately one half that of a modern 
coal-fired station at British coal prices. But as British 
coal is between three and four times as costly as in many 
power stations in the USA, a modern nuclear station in 
Britain would have a capital cost about double, and a 
fuel cost almost double, that of the more fortunate 
power stations in the USA—giving total generation costs 
about double that of, say, the Kingston power station 
of the Tennessee Valley Authority. Obviously there 
could be no case for a nuclear power station there until 
coal costs increased fourfold. 

And so it would be in some other parts of the world: 
Venezuela with its apparently inexhaustible supplies of 
natural gas; Victoria, Australia, with its 2000 years’ 
reserves of brown coal. 

But in other countries, traditional fuels are scarce, or 
reserves are limited and must be supplemented. 

World coal and oil reserves were great but were not 
inexhaustible, and the projected increases in world energy 
demands showed clearly how necessary it was to develop 
as quickly as possible alternative ways of providing that 
additional energy, which almost entirely must be in the 
form of electricity. 

Touching on the essentials for any system of electricity 
generation, Sir Claude stressed the reliability aspect, 
since if there are doubts on this score, standby plant 
must be provided at increased capital cost which must 
be charged against the unreliable plant. This was an 
important factor in the choice of a reactor for a public 
supply system. Safety was inherent in reliability and 
played an important part in deciding on the siting of a 
nuclear power station. 

A nuclear power station employing gas-cooled, 
graphite-moderated reactors complied fully with the 
essentials for electricity generation. If correctly designed, 
it was inherently safe, and since provision could be made 
for changing fuel elements while on full load, it could 
be given availability of a very high order—at least equal 
to any coal- or oil-fired station. With fission product 
detection applied to every channel, any minor defect in 
a fuel element was readily located, and with on-load 
fuel charge and discharge equipment, the defective 
elements were quickly and simply changed without 
shutting down the reactor or even reducing the load on 
the power station. 

This ability to detect and rectify while on load was 
regarded in Britain as an essential feature of design, and 
would be so regarded by most experienced power plant 
operators. The application of the on load charge dis- 
charge principle to any other than a gas-cooled reactor 
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introduced formidable engineering problems, for which 
an elegant and acceptable solution had yet to be found. 

Only Britain of all nations of the world, said Sir 
Claude, had committed itself to a large-scale nuclear 
power programme as a firm power producer to supplement 
coal- and oil-fired generating stations necessary to meet 
the continuously expanding demand for electricity. 
Britain had had the need for that supplementing fuel 
but had also had the courage, the ingenuity, and the skill 
to develop it and apply it on a large scale. Calder Hall 
and its successors had given Britain a commanding lead 
in the new era of nuclear power, but were we going to 
be able to maintain that lead? 

Britain’s need for a supplementary fuel was so great 
that research and development on a very large and 
adequate scale was proceeding both within the Atomic 
Energy Authority and in industry. Much of the research 
and testing necessary for that development required 
equipment on a scale and of a cost that was quite beyond 
the ability of private industry to provide for itself at the 
present stage of world nuclear demand. Industry was 
already spending huge sums annually on research and 
engineering design studies, and would find this expendi- 
ture crippling unless orders for nuclear equipment were 
received on a scale and at a price which would enable 
that expenditure to be recovered. 


The scale of effort required to develop a new type of 


reactor was such that inevitably it had been necessary 
with our limited resources in manpower and money to 
avoid spreading them over too wide a field of potential 
or possible reactors, so delaying the finalizing and con- 
struction of any one type. This had led to a concentration 
of the major effort on large output schemes such as were 
required for Britain and would be suitable for highly 
developed countries overseas. Italy, France, Germany, 
Holland, Canada, India, Russia, Australia—all have 
integrated electricity supply systems of a magnitude able 
to justify the installation of reactors exceeding 100 MW 
net electrical output, provided that the electricity costs 
from such nuclear stations did not exceed those of tradi- 
tional fuelled stations. 

In many of those highly industrialized European 
countries, many of the components for a nuclear station 
were either already manufactured in that country or 


could be made with limited adaptation of their existing 
industrial equipment. Extremely detailed information 
about the design and construction of Calder Hall had 
been given to the world, and much information on the 
designs of the four new British nuclear stations had 
already been published. Hence the main thing British 
industry had to sell in highly industrialized countries 
was experience in design details, in construction, and, 
shortly, in operating experience additional to that 
already obtained from Calder Hall. But it was just that 
detailed experience which could, and almost certainly 
would, enable savings of many millions of pounds to be 
made on each nuclear station built. 

Sir Claude then dealt in detail with the considerations 
affecting small and medium-sized reactors; the effect of 
national policy on reactor selection; an analysis of the 
characteristics, advantages, and disadvantages of the four 
possible moderators and four systems of cooling which 
may be used with thermal reactors, reaching the con- 
clusion that, for small and medium power outputs, it 
was likely that a gas-cooled, heavy water moderated, 
slightly enriched uranium fuelled reactor offered the 
greatest promise of early development. It was unlikely, 
he said, that there would be general agreement with this 
view, but if it were accepted that on-load fuel charging 
was essential, then the gas-cooled reactor must take first 
place on engineering grounds. 

Higher fuel temperatures; higher burn-up rates; longer 
periods of irradiation; greater heat transfer rates from 
fuel to coolant; techniques for the production and fabri- 
cation of new metals and alloys with better qualities for 
nuclear application—these were the directions in which 
research and development were proceeding to improve 
large output reactors, and upon their solution would 
depend the speed with which efficient and economic 
medium and small output reactors were produced. 

Nuclear power stations demanded a standard of 
technical competence in the operating staff far above that 
needed in an orthodox oil-, gas- or coal-fired station. Only 
a nation which was actually operating nuclear stations 
could provide the training and experience so essential to 
satisfactory or indeed safe performance. Britain was in 
that fortunate position and able to provide that essential 
training. 


Fourth Session: * Britain’s Part in Electrical Development Overseas’ 
H. J. Beard, BA, MIEE 


Partner, Merz and McLellan, Consulting Engineers 


Mr Beard began his paper by outlining the many ways 
in which Britain has contributed, and is continuing to 
contribute, to electrical development overseas: by funda- 
mental research; by providing technical manpower and 
training facilities; by providing advice and consulting 


AUGUST 1958 


services on all aspects of electricity supply and utiliza- 
tion; and by financial assistance—the latter comprising 
the investment of both privately owned and Exchequer 
funds in projects in Commonwealth countries through 
direct investment transactions on the London market 








(including the Commonwealth Development Finance 
Co): through the Colonial Development Corporation, 


the Export Credits Guarantee Department, and by way of 


sterling releases to the World Bank. As some measure 
of the United Kingdom effort, the speaker put the approxi- 
mate total of average investment in the whole Common- 
wealth over the years 1953 56 at nearly £200 million a 
year. It had been unofficially estimated that in the ten 
years from 1946 to 1956, 70 per cent of the external 
capital invested in the sterling Commonwealth came 
from the United Kingdom, compared with [5 per cent 
from the USA, 10 per cent from the World Bank, and 5 
per cent from other sources. 

Turning to electrical exports, Mr Beard said that our 
position in the export markets of the world was another 
indication of Britain’s part in electrical development 
overseas 

In 1957 our electrical exports reached a new peak of 
£279 million, which figure did not include electrical 
equipment which is directly 
plant. Taking this into account would have raised 
total to £300 million or more. Afte 
reduced value of money, the volume of ou ctrica 
exports had doublec easec 
since 1938. There had beer n overa Cr 
world electrical expor pe er the la 
years. The United Stat crease of 47 
far below the 
per cent had had the large 
and the increase of ot! 
average at 28 per it and 
This lower rate of i: 
reduction in our sh 
from 28-1 per cent 
other words, the increa 
sufficient to retain ou 
and the substantial 
been at the expense 
including the United St 

The electrical industry t 
efforts to expand its produc 
increasing demands it has 
figures which showed that 
ae ent of total produc 
cen Western Germany and 

In Britain, said Mr Beard 
firms of consulting engineers 
and mechanical problems 
power supply and who for n 
connected with the electricity 
Britain and overseas. Apart 
advice on technical problems . Br 
in many ways and in many differe d 
siderable help was given to elect 
seas in the course of ordinary « insac 
for the supply of plant and equipment and through the 
contacts between the specialists of exporting firms and 
engineers overseas. The dissemination of our technical 
knowledge in this way was a vital part of the effort 
put into our export drive. 

Mr Beard referred to a few of the important and inter- 


iverage, 


+} 


110 


esting contracts which Britain had secured in recent 
years, to illustrate the range and diversity of the contri- 
bution that British manufacturers could make and were 
making towards world electrical development. One of 
the most significant contracts was obtained in 1957 for 
the construction in Italy of a 200 MW nuclear power 
station with a Calder Hall type reactor. Two 120 MW 
turboalternators were being supplied to Poland, while 
other contracts included three 105,000 hp water turbines 
and alternators, together with 132 kV and 220 kV trans 
formers and switchgear for Belesar power station in 
Spain, and a large number of air-blast circuit-breakers 
for various projects in that country. Hydraulic plant 
and electrical equipment had also been supplied 
other power stations in Spain, while a 60 MW horizont 
water wheel alternator had been supplied for the Aura 
power station in Norway. 

Generating plant and switchgear had been suppl: 
te Athens Piraeus Electricity Company, and mo 
than 300 miles (483 km) of 66 kV and lower volta: 
overhead lines had been constructed in Cyprus. Cab! 
ind switchgear worth more than £1 million and so 
small turboalternators had been ordered by the USSR 

British manufacturers had obtained the orders for 
yr part of the plant and equipment for the first pow 


» the 


mai 
iti t Kariba, Rhodesia, which includes six 140,01 
hp wa turbines and 100 MW alternators, toge 
with tl ) kV switchgear, transformers, and oil-fi 


n regard to this project, Mr Beard said 
ccess achieved by Britain’s engineering industry in 
ynal competition was indicated 
Britain was supplying over 90 per cent 
ulpment and 74 per cent of the 
KV transmissio1 stem equipment. 
ywen Falls hydro station in Uganda with eig 
was the first large Kaplan turbu: 
Africa, and was of interest as an examp 
apid growth of load once a reliable source 
vas established in undeveloped territory. 
er contracts were mentioned by Mr Beard | 
\ustralasia, Canada, and the USA, while 
f contracts in the Middle East, if less impress 
iad several interesting features. 
Beard said that with the continued electric 
sion throughout the world the industrialization 
ss developed countries was inevitable, and t! 
our exports must be adjusted to fit in wit 
changing requirements. These adjustments woul 
eductions in certain of our export fields, b 
must recognize that the expansion of industria 
yity overseas would increase the demand for t! 
re specialized types of equipment as well as increasin 
e need for generating plant and high voltage trans 
ssion and distribution equipment. It was, however 
sSenual that Britain must be able to meet any demand: 
Which might arise for the supply of equipment and 
services, and he was certain that ways and means to 
meet the challenge would be found, in spite of ex- 
tensive commitments at home in connexion with the 
extension and modernization of our industries and 
public utilities. 
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Fifth Session: * British Hydro-Electric Plant and World Power Requirements’ 


J. C. Beverley, MA, AMIMechE, AMIEE; E. G. Teasdale, BA; 
A. Wilmot, BScTech, DIC, AMI MechE 


All three Authors are with the English Electric Co Ltd 


The length of this very comprehensive paper (some 
twenty thousand words, with numerous tables and 
illustrations) makes drastic condensation inevitable, but 
the following summary covers the main points made by 
the authors, who presented the paper jointly. 

They began by pointing out that Britain entered the 
hydro-electric field at a relatively late stage compared 
with other countries. Nevertheless, small water turbines 
had been made and operated in Britain for over a 
century, and one of the early ones—made by a British 
firm that has since manufactured some thousands of water 
turbines for all parts of the world—is still running after 
a hundred years of use. 

The section of the paper which high-lighted the achieve- 
ments of British manufacturers in the water turbine 
and water turbine-driven alternator fields showed clearly 
how effectively British endeavour had placed this country 
in the forefront of hydro-electric engineering. To-day 
this accumulated experience is being used to assist other 
countries of the Commonwealth also to develop in the 
hydro-electric field. 

The authors then dealt with the British influence on 
modern water turbine developments, taking 1920 as the 
starting-point of the modern era when the increased 
world demand for power stimulated the growth of the 
water turbine business in Britain. In 1922, units of 
30,000 hp were first ordered; at the present time units 
of 200,000 hp are under construction. The cumulative 
total of orders for water turbines placed in Great Britain 
since 1920, including turbines designed in this country 
and manufactured overseas, amounted to 15 million hp. 

In the markets of special interest to British manu- 
facturers, the large capacity turbine is used to only a 
small extent; thus, although many of them had been 
built, the efforts of the British manufacturers had been 
devoted mainly to the development of the Francis and 
Kaplan turbines. 

Simultaneously with the growth in size and output, 
there had been a substantial increase in the head range. 
Before 1945 there were relatively few examples of Francis 
turbines operating on heads over 800 ft (244 m), but in 
the last ten years or so this maximum head had been 
approximately doubled, and British manufacturers had 
made important contributions in the field of high-head 
Francis turbines. As examples, three stations (one each 
in Canada, Australia, and Tasmania) have been or are 
being equipped with Francis turbines operating under 
maximum heads of 875 ft (267 m), 1095 ft (334 m), and 
935 ft (285 m) respectively. The Canadian turbines, built 
in Canada to designs produced in this country, had 
developed maximum outputs of 200,000 hp in service 
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and are the most powerful turbines yet in operation in 
the world. 

The Kaplan turbine had also been extensively de- 
veloped, with a great increase in physical dimensions 
and a substantial raising of the upper head limit. One 
such turbine installed in Scotland operates under a 
maximum head of 181 ft (55 m). The ten Kaplan turbines 
now being built for the Priest Rapids power station in 
the USA, each capable of 131,000 hp maximum output 
and with a runner diameter of 23 ft 8 in (7-2 m), were 
the largest in physical dimensions so far built in this 
country, although they by no means represented the 
maximum that could be built. 

The relatively new tubular type of turbine was especi- 
ally suitable for low-head run-of-river schemes, as it 
resulted in appreciable savings in the cost of civil engineer- 
ing works. The first of this type to be built in this country 
is being installed in Scotland and will develop 145 hp 
under a head of 19 ft (5-8 m). Similar units to have out- 
puts up to 14,000 hp are at present under consideration 
for other schemes in Scotland, and should the Severn 
Barrage scheme ever be proceeded with, units of this 
type would probably be adopted. 

Another notable development was a turbine to operate 
above the economic head range of the Kaplan turbine 
and to give a flat efficiency curve over a wide range of 
heads and outputs. This is the Deriaz turbine—a Francis 
turbine with movable blades, named after its inventor, 
Mr Paul Deriaz, the Chief Designer of one of the British 
water turbine manufacturers. This type of turbine could 
be used for heads up to about 600 ft (183 m) and had 
already been used successfully as a reversible pump 
turbine in the Sir Adam Beck No 2 pump storage power 
station in Canada, where six units have been installed. 
Each unit operates over a head range from 45 to 90 ft 
(13-7 to 27-4 m) with a maximum output as a turbine 
of 45,000 hp and with a maximum discharge of 5040 
cusecs requiring an input of 55,000 hp as a pump. 

The authors then dealt in detail with pumped storage 
and reversible pump turbines, pointing out that the 
Deriaz turbine was very suitable for the lower head pump 
storage schemes since the runner is of the mixed flow 
type. Furthermore, as the runner vanes are movable, 
the gate apparatus could be dispensed with in certain 
cases, but of particular importance was that, with the 
movable vanes, quantitative regulation of the pump as 
well as of the turbine could be obtained. In this country 
a pumped storage scheme in Scotland is operating as a 
part of a hydro-electric scheme, and this is now being 
followed by the Ffestiniog scheme in North Wales which, 
with an installed capacity of 300 MW, will be the largest 








pumped storage scheme in the world. Here separate 
pumps and turbines are necessary because of the high 
water head, which amounts to a maximum of 1062 ft 
(324 m) when pumping and 1020 ft (311 m) when gener- 
ating. 

The paper then discussed manufacturing and fabri- 
cating techniques and referred to the increased use of 
welded steel plate instead of castings for the majority 
of components—a practice in which this country is now 
in advance of the rest of the world. British water turbine 
manufacturers were prominent in adopting welded steel 
spiral casings, initially in place of riveted construction, 
as far back as 1826, and more recently in place of cast 
steel for even the higher head applications. In both 
applications welded casings have shown appreciable 
savings. 

Fabrication had since been gradually developed for 
other components—first, for turbine top covers and 
regulating rings, and then for stay rings—the latest of 
which are 37 ft 6 in (11-4 m) in diameter and weigh 100 
tons. Since 1945, fabrication has been further extended 
to include the runner itself—the most complex and 
important part of a Francis turbine. 

Other notable design features mentioned by the authors 
were the recent development of the self-lubricating 
bearing and the carbon-ring gland—which was first 
successfully used by a British manufacturer about twenty 
years ago and has been in regular use ever since 

Developments in butterfly valves were reviewed, and 
some notable British achievements in smooth-bore 
valves for higher head installations were mentioned 
perhaps the most outstanding being the eight 7 ft 9 in 
(236 cm) bore straight-flow valves designed in this 
country and manufactured in Canada for the Quebec 
Hydro-Electric Commission. They operate under a 
maximum head of 875 ft (267 m) and in service have 
closed with ease against flows equivalent to 200,000 hp. 

The considerable growth in power supply systems 
with extensive interconnexion has introduced the need 
for a turbine governor which will act as a power regulator 
for the generating unit, and one British manufacturer 
had developed an electro-hydraulic governor for this 
purpose. Its performance had been so satisfactory in 
service that five have now been ordered for the control 
of five 200,000 hp turbines under construction for the 
Chute-des-Passes power station in Canada 

The paper referred to the extensive use of model tests 
to predict the performance of the full-size turbine, and 
these were being increasingly accepted for guarantee 
purposes as an alternative to site efficiency tests. Extensive 
laboratory facilities exist in this country for such tests. 

Development in water turbines has demanded corre- 
sponding progress in the alternators which they drive, 
and these demands had been met by British manufac- 
turers by many important design developments. Con- 
siderable attention had been paid, for example, to reducing 
the weight and the cost of the alternator, even though 
the electrical characteristics imposed upon it are often 
more onerous than in the past due to long transmission 
lines and interconnected systems. The steps taken in- 
cluded the increasing use of iow-hysteresis-loss steel for 
certain alternator stators, and redesign of the alternator 
rotor to eliminate as much weight as possible from the 
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The alternator designer had also been faced with the 
problem of supplying a thrust bearing to take not only 
the weight of the alternator and turbine rotating parts 
but, in addition, the hydraulic thrust from the turbine 
runner, which in the case of a Kaplan turbine is particu- 
larly large. Typical values of recent bearing loads were 
quoted, ranging from 310 to 1740 tons. 

Other special design features had been introduced to 
reduce not only the cost of the machine itself, but also 
the cost of the civil works by achieving a reduction of the 
overall height of the installation. 

Increasing use had been made in the last ten years of 
induction generators rated at anything from 20 to 5000 
kW. They can develop useful power from compensation 
water; they need no voltage regulator or excitation equip- 
ment and no turbine governor; they may therefore cost 
some 30 per cent less than a normal governed turbine 
with a synchronous alternator. 

Just as special governing is required for large water 
turbines, so new voltage regulators had been developed 
for the alternators. Incorporating either magnetic ampli- 
fiers or transistors, they give very high rates of response 
with flexibility for different operating conditions. 

With the advent of the hydro-electric station as a 
major generating unit in an important system, greater 
emphasis had been placed on control equipment, both 
for attended stations and for remote or automatic 
control of unattended stations. British industry had been 
in the forefront of the development of the necessary 
electrical schemes for many countries in the world. 

The paper dealt briefly with the special problems 
arising in the transport and erection of hydro-electric 
plant and referred to the close cooperation necessary 
between the various groups of engineers associated with 
any project. 

The future of hydro-electric development was sur- 
veyed, and it was clear from the development which had 
taken place since 1945 and the constant pressure of 
world energy demand on the available resources that 
the demand for hydro-electric power would continue at 
an increasing rate. A great part of the world’s potential 
water power still remains to be developed, and the 
authors estimated that the annual demand in the free 
world for new hydro-electric plant in three years’ time 
would be 10,500 MW. During the forty years in which 
the larger water turbines had been manufactured in 
Britain, British engineers had been closely associated 
with almost every major advance in design and con- 
structional techniques. While there had been no corre- 
sponding fundamental change in alternator design, so 
that neither Britain nor any other country could claim 
to have led the way, British electrical engineers had 
successfully taken part in solving all those problems 
introduced by the really spectacular increases in output 
and physical dimensions and by the adoption of new 
methods of mechanical construction. 

At the present time, therefore, it was true to say that 
British industry is able to supply and to put into operation 
any type and size of hydro-electric plant which purchasers 
anywhere in the world are likely to require. British con- 
sulting engineers were equipped to carry out any investi- 
gations into proposed schemes and to undertake any 
other tasks that might be required of them in connexion 
with hydro-electric projects. 
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Sixth Session: *The Development of the Electrically Equipped Kitchen’ 
J. I. Bernard, MIEE 


Director and Secretary, British Electrical Development Association 


‘Electrical appliances are the key to the modern kitchen, 
which is clean, convenient, and easy to run’, said Mr 
Bernard. He described them in some detail in the first 
part of his paper; the second part showed how they 
could improve existing kitchens; and the third part 
showed what could be done when starting with a clean 
slate to build an ideal kitchen in a new house or flat. 
The means of cooking still occupied pride of place in 


the kitchen, and there were now over 3 million users of 


electricity for this purpose. Given reasonable freedom 
from financial restrictions, this number should increase 
rapidly in the future. 

Improved materials and methods of manufacture had 
proved particularly valuable in securing the better per- 
formance now available from electric boiling plates, 
which now do not need to have a polished reflector 
underneath them. Manufacture had also been simplified 
by the widespread adoption of infinitely variable energy 
regulators which permitted single-circuit plates to be 
used, and some of the newer types improved performance 
sull further by imposing higher than normal voltage for 
a short initial period. 

Grill-boilers represented a successful compromise in 
the smaller cookers, but for larger cookers the recently 
introduced ‘eye-level’ grills would probably prove more 
popular. 

Improvements in oven design had been mainly in 
increased loading, and reduced weight of metal and 
lagging to give still quicker heating-up. 

The most striking development had undoubtedly been 
the introduction of automatic time control, which made 
a strong appeal particularly to the younger housewives. 

On the score of cost, Mr Bernard showed that, as the 


price of electricity had advanced much less than that of 


any other fuel, cooking by electricity is now much less 
expensive than by any other method. 

The slow growth in the use of refrigerators in Great 
Britain could be ascribed, he said, to purchase tax and 
credit squeezes (the former now somewhat relaxed), and 
to the infrequent occurrence of spells of hot weather. 

That the design of British-made refrigerators is as good 
as any, and better than most, was proved by the large 
proportion exported, but if the home market were larger, 
production costs would be reduced and a still greater 
number could be exported. 

Great advances had been made in design and con- 
struction details of compressor type refrigerators, 
although the simple absorption type continued to hold 
its own for the smaller cabinets, and improvements had 
been made in the efficiency of this type as well. Since in 
most British kitchens floor space is so limited, the 
newest refrigerators were designed to be used as table- 
top models, or built into a kitchen cabinet, or hung on 
the wall at eye level. 

In new homes and flats, and especially in old houses 
which had been converted, a refrigerator of adequate 
size was a much better investment than the bricks and 
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mortar and valuable floor space which would otherwise 
go to the making of a larder. 

Adequate supplies of really hot water were essential, 
and an electric water heating installation was the ideal 
means. Self-contained electric water heaters, which 
avoided undue radiation losses, were readily adapted to 
existing pipe-work; the small sink models were unobtru- 
sive and attractive in appearance, while the larger 20- 
gallon (91-litre) size would fit neatly in a corner under 
the draining board. 

The most popular method of water heating by elec- 
tricity was an immersion heater fitted in the existing hot 
water storage tank, because the capital cost was so much 
less than a self-contained heater of the same capacity. 
Proper lagging to prevent heat loss was, however, 
essential; for example, the radiation loss of a 30-gallon 
(136-litre) tank maintained at 160 deg F (71 deg C) 
without lagging would be 85 units a week, but properly 
insulated with 3 in , 7-6 cm) thick glass or slag wool, the 
standing loss was reduced to only 8 units a week. 

Since the war, progress in the manufacture of home 
laundry appliances had been tremendous; the increase 
in the number of washing machines from 2 per cent of 
households in 1947 to 23 per cent in 1957 had been 
probably the most noteworthy development in the 
domestic appliance business. The most recent addition 
to the home laundry was the spin dryer, either incorpo- 
rated in the washing machine instead of a wringer, or 
more usually as a separate appliance. 

Ironing machines, both of the rotary and the press 
type, were now available, and the latest models of hand 
iron were lighter in weight (with a compensating higher 
loading) and therefore easier to use. 

Much invention and years of development had now 
resulted in efficient dish-washing machines, and a further 
refinement was the electric garbage disposer for pulver- 
izing all kitchen refuse. 

Mr Bernard listed the many portable appliances avail- 
able—food mixers, kettles, toasters, and so on; stressed 
that a suitable form of electric heating should always be 
provided for the kitchen, and that—obviously—adequate 
socket outlets were essential. 

Turning to the improvement of existing kitchens, the 
speaker said that experience with the EDA Kitchen 
Planning Service had shown that in a distressingly high 
proportion of them an efficient labour-saving layout was 
impossible, but much could be done by re-equipping 
them with modern electrical appliances. There was 
to-day such a wide range of sizes and types that appliances 
could be fitted into what had hitherto been regarded as 
impossible or inadequate spaces. 

He then gave several examples of typical kitchens, 
showing the ‘before’ and ‘after’ arrangements and the 
great improvement thereby effected. Finally, he gave 
several examples of the planning of new kitchens, and 
referred to the volume of Electrical Data for Architects 
issued by the EDA. 
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New Control System for the British National Grid 


WiTH the development of a new and highly advanced 
telecommunications project, the British electricity supply 
system becomes the most modern, as well as the largest, 
generation and distribution system under unified control 
in the world. The coordination of some 260 power stations 
with an aggregate capacity of 22,000 MW (30 million hp) 
and 350 main electricity distributing centres (grid switch- 
ing stations) as a single operational unit represents a 
major administrative and engineering achievement, and 
the new control system now in successful operation Is 
the culmination of some twenty-six years of highly 
specialized experience. 

When the British National Grid system was first estab- 
lished in 1932, control was centralized in seven districts, 
each with a combined grid control centre and district 


headquarters, and connected to the principal base load 


stations and switching substations—-at that time owned 
by the various power companies and local authorities—in 
its own regional network. 

With the steady expansion of the grid, improvisations 
and modifications had to be repeatedly made to individual 
installations—often at disproportionate cost in terms of 


money and engineering effort. Matters came to a head 
when the supply industry was nationalized in 1948 and 
it became necessary to provide communication facilities 
between the generating stations and the respective head- 
quarters of the fourteen generation divisions of the 
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British Electricity Authority which replaced the earlier 
CEB districts. The seven grid control areas, however, 
remained unchanged. 

Accordingly, the British Electricity Authority decided 
in 1949 to re-equip the grid control networks, then more 
than fifteen years old, with a standard system of general 
indicating, telephone, and telemetering equipment which 
could be extended from time to time to suit changing 
conditions. 

Expansion since then has been—and still is—continu- 
ous, and the Central Electricity Generating Board is to- 
day supplying a load many times greater than pre-war, or 
even ten years ago, from a miscellany of power stations 
of which some are old and many are new, with capacities 
ranging from 100 MW or less to 500 MW, and with ther- 
mal efficiencies varying from about 10 to 30 per cent or 
better. Moreover, fuel costs necessarily vary widely ac- 
cording to the distance of the power station from the coal- 
fields (the ratio may be as much as 2 to | between a station 
in the Midlands and one in, say, the West Country). With 
all these variables, it is not surprising that the Board's 
fuel costs of generation range from approximately 0-3d 
a unit for the best station up to about 2d a unit for the 
worst. 

It is therefore a matter of paramount importance 
both to the Board and to the consumer—to apportion the 
load between the 260 power stations so that those which 
can generate at the lowest cost are used to the maximum 
extent, while those with the higher generating costs are 
used as little as possible. 

The control organization is in full operation throughout 
the twenty-four hours of every day—checking generating 
costs, planning load programmes for each 3-hour period, 
and issuing instructions for generating sets in the power 
Stations to be started up or shut down to meet at the 
lowest possible overall cost the ever-changing load pattern 
as it varies hour by hour, and sometimes almost minute 
by minute with the vagaries of the British climate! 


The Standardized System 

The three telephone manufacturing firms who had 
equipped the grid control areas at the outset and were 
therefore well versed in the development of grid control 
equipment—Automatic Telephone and Electric Co Ltd, 
The General Electric Co Ltd, and Standard Telephones 
and Cables Ltd—were invited to cooperate with the then 
British Electricity Authority in the design and production 
of a ‘standardized system’, as it came to be called. This 
approach resulted in an agreement which (a) permitted 
the free interchange and use of technical information 
between the manufacturers, (4) ensured the further 
development of the system for the duration of the agree- 
ment, and (c) safeguarded the system against arbitrary 
alterations. 

The Authority and the telephone manufacturers con- 
cerned set up a Telecommunications Technical Committee 
(TTC) to be responsible for the design of the standardized 
system, for the development of the system to suit changing 
requirements and to keep in step with competitive de- 
velopments. 
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It became evident in view of the complex variety of 
stations and network conditions, that the standardized 
system could not be a precise installation with universal 
application, but would instead be the rigid standardiza- 
tion of many different items of equipment which would be 
installed in different combinations to suit the require- 
ments of different stations. 

The standardized system was designed to use ordinary- 
grade Post Office lines with 

(a) Earth-return phantom dec signals for the infrequent tratfic 
of general indications, visual instructions, and telephone calls. On 
lines where dc signalling could not be used, 300 c's was used 
instead with 400 c's high-pass speech filters; 

(b) Above-speech vf signalling for high-density telemetering 

traffic using time-division multiplex 50-band transmission for 10 

continuous readings on a single 120 c's bandwidth channel. 


The Authority (now the Central Electricity Generating 
Board) generally employs lines rented from the Post Office 
for the grid control networks because, with the complex 
power-system configurations and the large numbers 
of stations in the control areas, there is no practical 
alternative. From their very nature, rented telephone lines 
cannot be as reliable or as free from accidental inter- 
ference as pilot cables, but their use for grid control 
purposes during the last twenty-five years has been very 
satisfactory. 


Communication Networks for Grid Control Areas 

In the network planning of the standardized system the 
outstations in a grid control area are defined as either 
major stations or minor stations. A major station is 
usually a generating station with or without a grid station, 
or a large attended grid station not associated with a 
generating station. Only major stations can send signals 
to, or receive signals from, a GCC. A major station 
usually has a direct line to the GCC, in which case 
it is termed a radial station, and has also a direct line 
to each minor station associated with it, usually not 
more than three or four. A minor station is usually 
a small grid switching and transforming station or a 
bulk supply point to an Area Board. A minor station 
can only send signals to, or receive signals from, a 
major station. 

To economize in rented circuits the more distant major 
stations can be connected in groups usually of 2, but up 
to a maximum of 4, stations. A group is served by a 
common line from the GCC to the nearest or most im- 
portant station in the group, and from this parent station 
(as it is called) by separate lines to each of the other 
stations in the group, which are known as satellite 
stations. 

For their mutual reinforcement, pairs of major stations 
served by separate lines to the GCC are interconnected by 
tie lines. These lines provide an alternative although in- 
direct means of communication between the GCC and 
the major stations, together with their minor stations. 
The more important radial stations may be provided with 
second lines to the GCC, switched to take over service on 
instruction from the GCC over the reserve line should the 
normal line fail. In normal use, reserve lines operate as 
inter-PAX tie lines between the GCC and the stations. 
Tie lines and reserve lines are routed by the Post Office to 
avoid cables containing grid control lines. 

Groups of stations in a Division without a GCC are 
usually connected by local lines to the telephone board at 
the Divisional Headquarters, where the operator extends 
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calls between the stations and the Divisional Head- 
quarters PAX telephones. This arrangement confines the 
administration traffic within the Division and increases 
the usefulness of tie lines, parent-satellite lines, and major- 
minor lines which group the stations for grid control pur- 
poses. Grid control traffic takes priority over inter-station 
and Divisional traffic. 

In Divisions with a GCC, inter-PAX tie lines are pro- 
vided between the Divisional Headquarters and the GCC. 
Low-loss 4-wire junctions are also provided so that the 
Divisional Headquarters PAX telephones can dial into 
the standardized system at the GCC to initiate calls to 
any outstation control telephone or to any power station 
telephone operator in the Division. Calls to the Divisional 
Headquarters from the outstations are received at the 
GCC and relayed over these junctions to a cordless tele- 
phone board at the Divisional Headquarters, where the 
telephone operator extends the calls into the local PAX. 
This Divisional traffic does not require the services of the 
telephone operator at the GCC, and although it makes 
use of the control apparatus and the grid control network, 
it does so on a non-priority basis so as not to incon- 
venience grid control traffic. 


Standard Facilities in Grid Control Centres 
In each of the new grid control rooms there is 


(a) A mosaic switching diagram. 

(b) A feeder flow diagram. 

(c) A miscellaneous instrument and recorder suite. 
(d) A switching desk, or desk. 

(e) A loading desk. 

(f) A clerk’s desk. 


Based on their satisfactory performance over the past 
twenty years, mosaic switching diagrams are used to display 


















































TRANSMISSION LOSS (INCLUDING GC®& 
AND STATION EQUIPMENT) NOT TO OTHER 
Gcc 7 
EXCEED 20 db BETWEEN GCC AND 
MAJOR STATIONS OR 25¢b TO MAJOR T 
STATIONS OVER TIE LINES ~-—— OR TO i| 2 
MINOR STATIONS OVER DIRECT ROUTES | 
on 
: . . a MAIN _|parent i 
Poivision witHouT GCC G LRESERVE 2] GCC | 2 NAT 
: a j CON- 
TRO 
+ BEMINOR MAJOR | ' - ? 
| STATIONS STATIONS | D il 2 
; R — TELEPRINTER 
RADIAL Lad OTHER PRIVATE WIRES 
| ' ccc 
: THE LINE = | g 
| | | petnnmennals 
e@-- 45 4K 
‘ T SATELLITE - 
| | | 
' 
‘ ' 
| po — ae! 
: — PARENT | ° 
| ‘ : N 
| 1 
; i Re with 
Div Ree oR 
| | ° ——® without 
LIMITED 
i SELECTIVE 


: * 
_—® FROM 
- , —_— =. }____!_/,)\=——-@assoc iaTED 
218 
wa = 2 MAJOR 
: STATIONS 


e 
[essen Vf 


MAJOR MINOR 
STATIONS STATIONS 








$ LOW LOSS JUNCTIONS FOR 
AUTO COMMUNICATION WITH 
STATIONS IN DIVISION 


. INTER PAK JUNCTIONS 


Typical communication network for a Grid Control area 


115 








ee ee 


in detail in schematic form the grid system and generating 
stations of the control area. A mosaic diagram comprises 
many thousands of |-in plastic squares of a pastel shade; 
most are blank but some are engraved to portray circuit- 
breakers, isolators, earthing switches, generators, trans- 
formers, reactors and sections of line or busbar, and 
coloured to represent the appropriate system voltage. By 
replacing blanks with symbols it is a simple operation to 
keep the diagram in step with system development. For 
a typical control area comprising 20 generating stations 
and 30 grid transmission stations, the average |-in mosaic 
switching diagram is about 50 ft (15 m) long by 9 ft 
(2:7 m) high with 1500 semaphores for circuit-breakers, 
isolators, and earthing switches. Usually about 500 auto- 
matic indications are provided. 


Feeder-Flow Diagram 

An animated feeder-flow diagram was first used at 
National Control in 1937. The usual flow diagram is a 
Straight-line schematic on a pastel background showing 
the area transmission system with the lines coloured to 
represent the appropriate system voltages. At each station 
on the diagram, represented by small circles or rectangles, 
each line has a green ‘line-end-open’ lamp which lights 
automatically whenever the corresponding grid line is 
open-circuited by the station switchgear. Telemeters posi- 
tioned in the mimic power lines indicate the magnitude 
and direction of active and reactive power flow in the 
various 275 kV power lines and transformers and in the 
majority of the 132 kV lines. A typical feeder-flow 
diagram has about 100 telemeters and is 25 ft (7-6 m) long 
by 9 ft (2-7 m) high, constructed of 6-in plastic or 20-in 
steel square tiles. Most mimic power lines on the diagram 
have a red lamp which flashes whenever the current in the 
corresponding grid line exceeds a preset value between 80 
and 160 per cent of normal full load. 

The miscellaneous instrument and recorder suite, which 
is sometimes a continuation of the feeder-flow diagram, 
iccommodates continuous - balance 10-in_ strip-chart 
MVAr indicator-recorders of area net transfer and area 
otal generation. Small 3-in strip-chart recorders are pro- 
vided for each 275 kV inter-area-feeder MW telemeter, 
and also for switching into regional system-frequency or 
system-voltage telemeters and for connecting into indi- 
vidual feeder-flow or station total-generation telemeters 
In some of the GCC’s a 3-in recorder is used to record the 
passage of lightning storms as detected by special radio 
equipment. 


Switching Desk 

Facing the switching diagram is a control desk for 
each of the two switching engineers. On a wing of the 
switching desk is a keyboard console on which the 
switching engineer can selectively call any control 
telephone in the area and answer any kind of call from 
the network. 

The keyboard consoles have check keys for each major 
Station to enable the control engineers after equipment 
outage to bring back signal trains from the various 
stations to confirm the circuit-breaker indications and 
the directions of flow indicated by the telemeters on the 
feeder-flow diagram. On one keyboard console there is a 
remote control panel for a 12 kW standby diesel-driven 
alternator with a voltmeter indicating the Area Board 
mains supply to the GCC. The voltmeter has a segment of 
the scale coloured green to remind the control engineer 
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of the voltage limits beyond which he must change over 
the control-centre apparatus to the standby alternator. 
During mains failure and until the diesel is on load, 
lamps energized from the 50-volt battery light auto- 
matically in the control room to enable the control 
engineers to operate the diesel control panel (similar 
facilities are provided in the apparatus room and diesel 
house). A ‘mains volts’ alarm is displayed on the central 
annunciator during mains failure or low mains voltage. 
There is a similar control panel on the other switching 
desk for a 25 kW diesel-driven alternator which supplies 
the domestic needs of the establishment during mains 
failure and also serves as standby to the GCC apparatus 
during overhaul of the 12 kW set. The domestic diesel 
set is installed in the office block and is arranged for 
automatic starting and load change-over. 


Loading Desk 

The loading desk in front of the feeder-flow diagram 
usually has accommodation for two loading engineers. 
Each engineer has a logging clock, three telephones, and 
a keyboard console similar to those used by the switching 
engineers. In the desk facing the loading engineers are 
10-in indicator recorders for area net transfer, area total 
generation, and system frequency. Associated with the 
recorders are instruments indicating positive and negative 
rate of change of system frequency, and daylight intensity 
(as telemetered from the main industrial load centre of 
the control area). There is also a continuous indication of 
system frequency from an amplified system-frequency- 
modulated vf signal transmitted from a grid station. At 
any time, the loading engineers can use the amplified 
signal instead of the local mains to energize the system- 
frequency instruments, a change which is automatically 
made in the event of mains failure. 

On the loading desk is a 16-way message instructor on 
which the loading engineer can set up any of sixteen 
stereotyped instructions for broadcasting to any number 
of attended stations, and observe individual station 
acknowledgments. 

On a console adjacent to or combined with the loading 
desk are the individual station-generation instructors and 
telemeters (megawatts ‘sent out’, megavars ‘ gross’). The 
instructor is a manually adjusted pointer superimposed 
on the megawatt telemeter scale and geared to a trans- 
mitter coding mechanism. 

(lt generating stations, in addition to direct-wire opera- 
tional telephone systems between key points, PAX 
telephones are provided for general internal communi- 
cation. 

Control telephones at minor stations operate as party- 
line extensions on the associated major station’s con- 
trol telephone system. Push-button calling is provided 
between the party telephones, with indicators to in- 
form the would-be user when the other party is using 
the line. 


Generation and Visual Instructors 

On the control desk in the power stations there are a con- 
trol telephone and local telemeter indications similar to 
those telemetered to the GCC of the station’s total 
generation in megawatts ‘sent out’ and megavars ‘gross’. 
In addition, there is a 270 deg-scale indicator which re- 
sponds to the GCC loading engineer’s generation instruc- 
tions, with a lamp and an alarm to announce the receipt 
of each fresh instruction. 
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Control room of the North Thames Grid Control Centre showing the switching diagram on the left 
and the feeder-flow diagram on the right 


Also on the control desk are 16 combined lamps 
and twist buttons for the display and acceptance of 
visual instructions transmitted by the GCC loading 
engineer and a button to re-light the last instruction 
received. 

Unless remotely controlled by the Area Board con- 
cerned, unattended minor stations are controlled over the 
grid control network by the Generating Board from the 
associated major stations, which are usually generating 
stations and therefore attended. Automatic 2-stage load- 
shedding equipment can be provided at unattended 
Stations to take effect under fault conditions when 
generating stations are grossly overloaded and frequency 
is low. 


Delayed Automatic Reclosing Equipment 

This description of grid control facilities would be in- 
complete without some reference to equipment now being 
provided by the Generating Board at unattended out- 
stations for the delayed automatic reclosing of grid 
circuit-breakers after power-line faults or faulty trans- 
formers have been automatically isolated from the trans- 
mission system. 

It can be provided at all types of station, but so far has 
been installed only at single- and 3-switch 132 kV grid 
stations subject to loss of limited selective control due to 
failure of rented lines. Allowing time for oil recovery in 
the arc-control devices of the oldest types of grid circuit- 
breaker, the 132 kV section switch at the unattended 
station recloses 15 sec after a grid line fault to re-energize 
the line, but only if the line has remained de-energized 
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during that period. On instruction from the GCC the line 
is then closed at the attended station after system syn- 
chronism has been checked. Fifteen seconds after the 
successful reclosure of the section switch the transformer 
switch recloses. Switches which trip when being reclosed, 
or during the next 2 sec, are locked out automatically and 
prevented from further reclosing. During a shut-down 
caused by a double-circuit line fault the section switch 
will reclose 15 sec after either of the power lines has been 
successfully re-energized from the other end, and in the 
event of a sustained line fault the line isolator can be 
arranged to open automatically after an unsuccessful 
section switch reclosure; the transformer is then put 
back on load by reclosing the transformer and section 
switches. 

At single-switch 132 kV stations a fault on one of 
the grid transformers trips the grid section switch and 
low-voltage transformer circuit-breaker and then trips the 
remote 132 kV line circuit-breaker by means of a 132 kV 
fault thrower or by intertripping over a rented line. The 
transformer isolator then opens automatically, and 15 sec 
later the grid section switch recloses to re-energize the line. 
A recent development automatically substitutes a spare 
transformer common to the station for the faulty one 
before reclosing the section switch. 

Where two unattended stations with automatic re- 
closing equipment are in tandem on the same 132 kV 
system, the section switch at one station is arranged for 
dead-line charging, but the other section switch will only 
reclose after the affected power line has been successfully 
re-energized either from the dead-line charging station 
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or from the attended station, as the case may be, and 
then only when both lines are alive and the systems are 
in synchronism. 

Although some time must elapse before the new 
National Control network is completed, the CEGB re- 
ports that operational experience has been most gratify- 
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Newcastle 15 1! 
Manchester 29 19 
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Birmingham 28 26 
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yn of the system is given in the following two papers 
he Proceedings of the Institution of Electrical 

5, 1958, Part A: ‘The Development of Com- 

nd Telemetering Equipment for the British 


ing in those control areas where the standardized system 
has been in operation for several months. 

The seven grid control centres, with the principal 
generating and switching stations under their control, 
and the manufacturers responsible in each case for the 
installation of the standardized system, are: 


Switching Main Contractor 
Stations, etc 
19 Standard Telephones 
& Cables Ltd 
31 Automatic Telephone 


& Electric Co Ltd 
15 Standard Telephones 
& Cables Ltd 


36 General Electric Co 
Ltd 

17 Standard Telephones 
& Cables Ltd 

23 Automatic Telephone 
& Electric Co Ltd 

37 Automatic Telephone 


& Electric Co Ltd 


Grid’ by G. A. Burns, F. Fletcher, MBE, C. H. Chambers, and 
P. F. Gunning, and ‘Standardization of Control Facilities for the 
British Grid’ by P. F. Gunning. 


The Windscale Incident 


yn of the final Report of Sir Alexander 
-** appointed to investigate the Wind- 
ist October, it is now possible to view 
ed that the initial cause of the accident 
ile No | reactor was the release of Wigner 
he graphite, and it is relevant to note that, 
phenomenon of Wigner energy has been 
time, such knowledge was extremely 
en the Windscale piles were designed over ten 
ind that such energy could be released spon- 
y or by controlled annealing was not clear. 
ical and experimental studies of Wigner energy 
s release have now been made for a number of years 
a great deal of additional knowledge has been 
nulated. 

rhe Windscale incident was a spectacular piece of 

lews when it happened—and the non-technical press 
naturally tended to make headlines out of it for 
several weeks. But, as Sir Christopher Hinton emphasized 
in his paper to the BEPC, the incident taken in the 
perspective in which accidents are normally judged was 
a minor one. 

It is also important in this context that Windscale was 
built to produce plutonium, and when its reactors were 
designed there was insufficient knowledge to permit the 
heat generated in the fission process to be usefully applied. 
Consequently the heat is removed by air blast through the 
reactors and dissipated to the atmosphere from the 405-ft 
(123-m) high chimneys, which are equipped with a filter 
gallery containing replaceable glass-wool filters capable of 
* Cmnd 471, July 1958. HM Stationery Office, Is. 





removing Virtually the whole of any solid material which 
may find its way into the air stream. 

Herein lie the essential differences between Windscale 
and Calder Hall and its successors. The latter were de- 
signed to utilize the heat generated by the fission process, 
and carbon dioxide is therefore used to cool the reactors 
and transfer the heat to the heat exchangers where steam 
is generated for the turbines. 

Another major factor is that the stored energy accumu- 
lates at a rate which decreases considerably as the tempera- 
ture during irradiation is increased. It is known that the 
amount stored from irradiation at 250 deg C is small, and 
that virtually no energy is stored at temperatures above 
400 deg C. Coupling this with Sir John Cockcroft’s state- 
ment that the fuel elements in the Calder Hall reactors 
operate at a surface temperature of 408 deg C, and Sir 
Christopher Hinton’s statement that the maximum tem- 
perature in more recent designs is around 450 deg C, it 
will be appreciated that there is sure ground for asserting 
that Wigner energy is not a hazard in any of the com- 
mercial nuclear power stations. 

Yet another important factor is that the carbon dioxide 
coolant in the Calder type of reactor is contained in a 
closed circuit, so that even if a fuel cartridge failed and 
caused a release of fission products into the coolant, the 
amount that could escape into the atmosphere from any 
leakages in the closed circuit would be too small to con- 
stitute any hazard. 

These facts deserve to be widely known, since they are 
the foundation for the often-reiterated assertion that the 
British type of commercial nuclear power reactors are 
inherently safe. 
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New equipment and processes 





New Ring Main Unit 

A new unit (Type NX) designed specifically 
for tapping a ring main has recently been 
introduced by Johnson & Phillips Ltd. It 
comprises a standard J & P metalclad oil 
circuit-breaker with two wing oil switches 
assembled in one common structure, making 
a very compact unit measuring 6 ft (183 cm) 
high, 3 ft 9 in (114 cm) wide, and 4 ft 4 in 
(132 cm) deep 

A special feature is the design of the oil 
switches, which have manual = spring- 
operated mechanisms which, after the 
initial 45 degrees or so of movement of the 
switch handle, take the action of the switch 
out of the operator’s hands and give a 
uniformly rapid and positive opening and 
closing, irrespective of the speed at which 
the handle is operated. 

The unit has a normal current rating of 
400 A, with the oil switches rated at 250 
MVA at II kV. Control of the tee-off 
circuit is by either a plain-break or an arc- 
controlled oil circuit-breaker, according to 
service requirements, the breaking capacity 
ratings being 150 MVA at 66 or II kV 
(plain break), or 250 MVA at 11 kV (are 
control) 

Provision is made for inserting cable 
testing plugs, or an alternative arrangement 
of built-in test terminals can be supplied, 
if required. In either case, a foolproof and 
complete system of interlocks is incor- 
porated. 

The oil switch sections have been tested 
and certified to BS 2631 and the circuit- 
breakers are certified to BS 116. 


The Creda *‘ Mercury ’ Cooker 

Advance information has been released to 
the trade of the new Creda * Mercury’ 
cooker which will be put on the market next 
month. 

It incorporates several departures from 
conventional design, of which the most 
noteworthy is perhaps the care and attention 
which have been given to the hob to ensure 
speed, flexibility of control, easy wipe-over 
cleaning, and comfortable working condi- 
tions. The result is an entirely new type of 
boiling unit and hob construction. 

To begin with, the hob height has been 
made 33 in (86 cm) high instead of the 
normally accepted 36 in (91 cm); this makes 
the handling of pans and so on easier and 
more comfortable. 

Next, the boiling rings—to which the 
name of Creda * Quick-discs” has been given 

represent a new approach to boiling-ring 
design. All the three rings are circular and 
of the same size—just over 7 in (180 mm) 
in diameter. The top casting, of a special 
rust-resistant iron alloy, is thin and light and 
therefore quick to heat up and quick to 
respond to changes of control setting. A 
stainless steel bezel pressed on to the rim of 
the casting forms a spillage-proof seal; the 
ring rests on a circular ridge raised in the 
dished portion of the hob, so that any spill- 
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age is prevented either from reaching the 
element or running on the floor. 

The control system is novel in that, on 
first switching on to ‘full’, the regulator 
contacts remain closed for about 45 seconds 
to give quick heating and then settle down 
to the normal cycle for an average loading. 
The * Quick-discs’ themselves are made with 
a very high loading—much greater than they 
could withstand in continuous operation. 
In the case of the fastest disc, there is an 
additional control unit which makes the 
regulator inoperative for about 3 minutes to 
provide a still more powerful boost. This 
regulator system also compensates for 
mains voltage fluctuations and enables the 
range from 200 to 250 V to be covered by 
two voltage ranges instead of four. 

Other notable features are a newly de- 
signed large size grill located in a recess in 
the roof of the oven; large warming drawer 
controlled by its own switch; all controls in 
a convenient but safe position on the top of 
the back splash plate; ‘domes of silence’ 
fitted to the base so that the cooker can 
easily be moved for cleaning behind and 
beneath it. Colours are white or cream, 
with polished stainless metal trim. 

The * Mercury de Luxe’ has the additional 
features of an oven timer which also con- 
trols the warming drawer; glass inner door 
to the oven, and automatic oven interior 
light. 

Both models are competitively priced, 
and their special features should commend 
them strongly to the export markets. 








Ring main unit by Johnson & Phillips Ltd 


Ferranti Busbar Clamps 

A series of flat busbar clamps is available 
from the Foundry Department of Ferranti 
Ltd, Hollinwood, Lancs, which should pro- 
vide a useful service in that they are ready 
for immediate assembly and need no machin- 
ing or finishing operations. 


They are cast in Ferranti ‘NOduMAG° 

-a non-magnetic, high-strength ductile 
material, and are shell-moulded to give a 
good finish and dimensional accuracy, with 
the bolt holes cored. They are supplied with 
the clamping surface ground, and are given 
a protective coating of damp-resisting var- 
nish. Physical properties are quoted as: ten- 
sile strength, 24-28 tons’sq in (38-44 kg sq 
mm); yield point, 18-22 tons/sq in (28-35 
kg/sq mm); elongation, 8-12 per cent. Stan- 
dard flat busbar sizes are 2, 3, 4, 6, and 8 
in (5, 7-6, 10-1, 15-2 and 20-3 cm); inter- 
mediate or larger sizes are available on 
request. 





Ferranti busbar clamps 


English Electric Vee-line hot-plates 

Called * Vee-line’ because of the distinctive 
shape of the element—an inverted triangle— 
these new English Electric hot-plates are 
claimed to give maximum area of contact 
with the cooking utensils, thereby increasing 
heat transference. The plate is connected to 
the terminal box by a patented swivel mount 
which allows it to be lifted clear of the sup- 
port and spillage tray, making for easy 
cleaning of both plate and reflector. 

The element is a double spiral of nickel- 
chromium alloy embedded in magnesium 
oxide and Inconel sheathed. The reflector 
is a deep pressing of heavy gauge polished 
aluminium which allows spillage to drain 
away clear of the elements. The terminal 
box is vitreous enamelled and has plug pins 
to fit the standard EDA sockets for single 
and double circuit connexion. 

The Vee-line plates are available in 8 in 
(203 mm) and 6} in (159 mm) diameter, 
with loadings of 2100 W and 1250 W respect- 
ively, in voltage ranges of 200 210, 220, 
230 240, and 250. 


GEC Small Induction Motors 
A new range of small single-phase 50 cycle 
induction motors from 1/40 hp to 1/10 hp 
and continuously rated to BS: 170/1939 is 
announced by The General Electric Co Ltd. 
Rolled steel shells with pressed-in wound 
stator cores form the motor bodies, with 
aluminium pressure-cast bearing brackets 
spigoted into each end. Sleeve bearings, 
diamond bored true with the bracket spigot, 
are fitted as standard, and oil saturated felts 
provide lubrication for prolonged running 
without re-oiling. The squirrel-cage rotors, 
cast in aluminium, are dynamically balanced 
and fitted with an accurately ground high- 
grade steel shaft. All motors are electrically 
reversible, and an arrangement of thrust 
washers at the opposite driving end bearing 
permits the motors to be run in any position. 
The motors are available either as capa- 
citor start-and-run or split phase. It is 
Stated that the capacitor start motors 
develop moderate starting torque, have 
good overload capacity, and are particularly 
suitable when starting conditions may 
be prolonged. They are provided with 





continuously rated impregnated paper capa- 
citors in welded oval aluminium cans for 
separate mounting. The split phase motors 
are supplied with separately mounted current- 
operated relays in moulded cases. 


Two new Siemens Lamps 

Illustrated here is the new 1000 W high 
pressure mercury xenon lamp by Siemens 
Edison Swan Ltd. It combines high efficiency 
with a peak arc luminance of 20,000 stilbs, 
enabling it to be used for special applica- 
tions—such as in flight control equipment- 
as well as for normal black and white pro- 
jection purposes. 

When used with approved Siemens Edi- 
swan control gear, a shorter run-up period 
is obtained and the lamp may be switched 
on and off even when it is still hot. 





Siemens Edison Swan Ltd's new 1000 W 


high pressure mercury xenon lamp 


Another notable development is a new 
miniature projector lamp known as the 
Al 176, which is the first lamp of its kind 
to be produced commercially containing a 
$00 W (200250 V) biplane filament in a 
25 mm soft glass bulb. It has been specially 
developed for use in small slide projectors 
and has an efficiency of 24 lumens watt 


Electrical Tachometers 
Basically the electrical tachometer consists 
of a transmitter or generator and a separate 
indicator, the generator being so designed 
that it provides a voltage proportional to 
the speed of rotation over its entire speed 
range, and the indicator comprises a volt- 
meter calibrated in revolutions per minute, 
feet per second, or any other function. 

Crompton Parkinson Ltd have developed 
new types for particular applications. One 
is a portable indicator designed for experi- 
mental use in technical colleges; it has 
an 11-inch (279-mm) 240-degree scale and is 
contained in a black plastic case approxi- 
mately 8” x8” x 4$" (203 «203 «114 mm). 
In its most popular form, it is fitted with a 
duplicate set of terminals allowing selection 
of ranges of 0-1500 or 0-3000 rpm. 

The other is a short range speed indicator 





a development made possible by the fact 
that the Crompton Parkinson transmitter 
generates an alternating current. Since the 
frequency and voltage vary in a linear re- 
lationship with speed, it is possible by 
inserting a frequency sensitive network 
between generator and indicator to provide 
a scale which covers only a selected narrow 
range of speeds. 

The 3-phase output from the tacho 
generator is divided into two circuits per 
phase. One circuit of each phase contains an 
inductor and in this way a substantially 
constant reference voltage is obtained at any 
speed covered by the range of the instru- 
ment. The other circuit of each phase passes 
through a resistor and provides a current 
proportional to the absolute speed. 

Each of the two circuits is fed into a 3- 
phase full wave rectifier; the two de outputs 
from the rectifiers are applied in series to 
the indicator, which measures the difference 
between them. 

The short-range scale on this type of in- 
dicator facilitates very fine speed control. 
For example, on a 6-in dial instrument, 
the pointer tip moves nearly 1 16 in 
(1-6 mm) for every | rpm variation. The com- 
bined accuracy of generator and indicator, 
when calibrated together, is stated to be 
within = 0-5 per cent of full-scale value. 


300 Me s Voltmeter 

Latest addition to the range of voltmeters 
produced by Marconi Instruments Ltd, St 
Albans, Herts, is the Type TF 1300 vacuum 
tube voltmeter—a low-priced instrument 
which is stated to be sturdy in construction 
and possessing good accuracy and stability. 

On ac the measurement range is from 0:1 
to 100 V at frequencies from 20 to 300 Mc s; 
on dc the voltage range is up to 300, and the 
resistance range up to 4 M@). 

The indicating meter is direct-reading on 
ac, dc, and ohms ranges, and no correction 
factors are necessary. Zero stability is of a 
high order with respect to both time and 
mains variation, and only one zero setting is 
required for all ac or de ranges. Both ac and 
de inputs are isolated from chassis. 

Ac measurements are made with a light- 
weight cylindrical probe which allows direct 
contact with the circuit under test. The 
probe is small, compact, and fitted with a 
non-slip pve sheath and safety guard, and is 
therefore very suitable for use in confined 
spaces. The rectified output from the probe 
§ applied to one arm of a valve bridge com- 
prising two double triodes; a second arm of 
the bridge is coupled to a splash-current 
balancing network including a potential 
divider across the ht supply and a 3-volt 
stabilizer element. The indicating meter is 
automatically protected from overload. 

For dc measurement, the input is applied 
directly to the bridge, and the probe diode 
and splash-current network are automatic- 
ally disconnected. For resistance measure- 
ment, the unknown resistor is connected in 
series with a standard resistor and the 3-volt 
stabilized supply. The meter responds to the 
voltage developed across the unknown 
resistor. 


New BTH products 

Among the new equipment announced by 
the British Thomson- Houston Co Ltd, Rugby, 
Staffs, in recent months is a vertical high 





frequency motor-alternator set, and a new 
isolating switch for their type DOC 71 
contactor starter. 

The first-named is a medium rating 
(75-300 kW) high-frequency generating 
equipment for induction heating and melt- 
ing applications at a frequency of 8-7 kc s 
As it is arranged for vertical operation, it 
occupies far less space than a normal hori- 
zontal machine of the same rating; it is 
claimed to be very quiet in operation. 

The first set in the range has an output 
of 75 kW. It comprises a heteropolar in- 
ductor alternator and a squirrel-cage induc- 
tion motor, the motor being mounted 
vertically above the alternator. The frame 
and the shaft are mounted on the bottom 
end-shield and the set is supported on four 
resilient mountings. The set is totally en- 
closed inside sheet metal covers (which can 
be easily removed), and is cooled by two 
water coolers, one being placed in the alter- 
nator stator core and the other wound 
spirally round the motor frame. 

BTH can also offer a similar vertical set 
of a higher rating, and sets will shortly be 
available for operation at 3 kc s and 8-7 kes 
with approximately double the output of 
the present machine. Under suitable con- 
ditions, these alternators may be operated 
in parallel to supply higher powers than 
can be generated by a single unit. 

The second item extends up to 5 hp the 
established range of type DOC 71 starters 
for single- or three-phase motor starting, 
and makes it possibile to offer a range fitted 
with 3- or S-pole isolating switch units. An 





BTH vertical HF motor-alternator set 


ammeter box and a HRC fuse-box are also 
available for fitting to the switch assembly. 

The switch can be supplied as a 3-pole 
‘on load’ version rated at 30 A maximum 
(tested to break 100 A at 440 V) or alterna- 
tively in 5-pole form with three main 30 A 
poles and two normally-open auxiliary 
poles for control circuits. 

These new starters comply in every respect 
with BS 587: 1957 for ‘frequent-duty’ 
Starting (i.e. 40 starts per hour). 
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The 1958 CIGRE Conference 


A Commentary by J. H. M. Sykes, Assoc 1£E 


Now that the 17th CIGRE Conference can be looked at 
in retrospect, the trends at this international gathering of 
electrical engineers concerned with power transmission 
begin to appear rather more clearly than they did at the 
time in Paris, when all the 1800 members present were 
deeply immersed in a sea of facts and figures emerging 
from 140 papers and 14 sessions of discussion, with the 
addition of Study Committee meetings for many of the 
members from Britain. 

There was a full attendance of delegates from Great 
Britain, including very many from BEAMA member- 
firms. Ten of the papers were either entirely of British 
origin or had a predominance of British authors. 

It might have been thought that the onset of nuclear 
power generation, even though still a matter of paper 
planning in so many countries, could have begun to 
change the viewpoint of some engineers as to the future 
need for large-scale power transmission over long dis- 
tances. It was very soon after the opening of what is re- 
garded by many as the most important session of the 
whole conference—that dealing with extra high voltage 
power transmission in general—that this potential bogey 
was brought out into the daylight and summarily des- 
patched. 

Mr Philip Sporn, who presided over this session and 
had flown from America especially for this single day’s 
discussion, said straight away that many present had 
seen the load double in ten years three times over; and 
this doubling, which showed no sign of abatement, was 
the driving force behind extra high voltage power trans- 
mission designs. The loads and the demands, he said, are 
‘way beyond what we had thought they might be’. 

Mr Sporn said that extra high voltage power trans- 
mission development is not nowadays the prerogative of 
a few countries. Technology in this field is vigorous and 
expanding. He thought that the CIGRE Conference had 
the great advantage of providing international coopera- 
tion at minimum cost and effort. 


High Voltage Transmission 

In the section on extra high voltage power development, 
the Special Reporter was M. Francois Cahen of Elec- 
tricité de France. M. Cahen will be specially remembered 
by readers of THE BEAMA JOURNAL for the lectures de- 
livered at London University in March 1951 and pub- 
lished in this Journal later in that year.* These lectures 
gave a brilliant survey of the problems of power trans- 
mission at voltages above 225 kV. 

What is the situation now, seven years afterwards? A 
report by Mr Sporn to the session, outlining the activity 
of the CIGRE Study Committee on this subject, sum- 
marized the present position. It showed that in France 
the conversion of a 275-mile (440-km) double circuit 
225 kV line to a single circuit 400 kV line was completed 
late in 1957, and is now in operation. A total of 775 miles 
* THE BEAMA JOURNAL, 58, Nos 171-4, Sept, Oct, Nov, Dec 
1951. 
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(1247 km) of convertible construction is planned or is 
now in operation at 225 kV, and will be converted to 400 
kV in the future; and a total of 1790 miles (2880 km) of 
line is either in existence, being built, or planned for ulti- 
mate operation at 400 kV. CIGRE delegates had the 
opportunity of inspecting at the Plessis-Gassot substation 
the Paris end of the first French 380 kV line. 


A World-wide Trend 

In Sweden a line operating at 380 kV was put into 
service in 1956, and by the end of 1958 it is expected that 
some 1910 miles (3070 km) of 380 kV lines will be in 
operation. In Western Germany 210 miles (338 km) of 
380 kV line, having the unusual feature of employing 
four conductors per phase, were made alive in 1957. In 
the USSR the voltage of 400 kV was first used in 1956, 
when a total of 1060 miles (1705 km) of line at this voltage 
were made alive. An additional 2000 miles (3220 km) of 
line is now under construction, and it is expected that by 
1960 a total of 3100 miles (4990 km) of 400 kV lines will 
be in operation. In that country (as will be mentioned 
later) it has been found possible to convert the original 
400 kV lines to 500 kV. 

In Finland 240 miles (386 km) of line designed for 
380 kV, and now running at 220 kV, have been put into 
service, and additions are contemplated, so that by 1960 
it is expected that there will be 575 miles (925 km) of 
380 kV line in service at the full voltage. 

In the United States and Canada the voltage of 345 kV 
has been chosen, and in the USA there is now a total of 
1520 miles (2446 km) in operation or being constructed 
for operation in the near future. Operating voltages up to 
360 kV are now in use. In Canada several hundred miles 
of 345 kV lines are in service. 

The 330 kV voltage level was mentioned by Mr Sporn 
in his review as relating only to Australia, where an exten- 
sive 330 kV system is under construction; and unaccount- 
ably there was no mention of the Kariba transmission 
project—among the largest in the world—which is also 
to be operated at the 330 kV level. 

Great Britain and Japan sharea predilection for 275 kV, 
and in October of last year the reports stated that 612 
miles (967 km) of 275 kV circuits were in commission in 
Great Britain and 350 miles (563 km) in Japan. 

The Special Reporter directed the discussion on extra 
high voltage development into three main groups: first, 
the development of the utilization of extra high voltages; 
second, the question of internal overvoltages; and finally, 
the corona effect, including questions of radio inter- 
ference. 

Under the first heading there was included a report 
from Great Britain, by Messrs P. W. Cash and A. Chorl- 
ton, on aspects of main transmission system development 
in England and Wales. This report, and the discussion, 
indicated clearly that the advent of a major nuclear plant 
programme will not cause any diminution in the develop- 
ment of the British 275 kV transmission system. The 
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capacity of these plants and their location, together with 
the influence of the increase of size of conventional coal- 
fired stations, will mean yet more interconnexion. 

In Sweden, the addition of nuclear plant was also 
shown to have little bearing on the development of the 
400 kV transmission system, and this subject was not 
touched on by delegates from other countries. Thus we 
may conclude that no one in the transmission field ts un- 
duly worried about the lack of need for bulk transmission 
equipment in the future because of a change in the method 
of generating power. 


Overhead Lines an Intrusion? 

The first speaker in the discussion was Mr F. J. Lane, 
formerly Deputy Chief Engineer (Transmission) of the 
Central Electricity Generating Board, and now a partner 
in a leading consulting firm. His interjection in the dis- 
cussion was somewhat unexpected. He said that electrical 
engineers should not presume too far on the vital nature 
of the service they provide for the community. The over- 
head line, Mr Lane said, obtruded too much on society 


at present. Radio interference obtruded on society: the 
size of transmission line towers continued to increase 
He was appalled by the appearance of some parts of the 
countryside, not only in England but in many other of 
the countries he had visited, with the cluster of trans- 
mission lines sometimes showing up on all sides of the 


horizon in the vicinity of major substations 

Mr Lane continued by indicating what steps might be 
taken to reduce this intrusion on society. First, maximum 
use might be made of the routes at present in use and the 
future routes which of necessity would be required. For 
example, double circuit lines were preferable, from this 
point of view, to single circuit lines. More attention 
should be paid to the limitation of internal overvoltages, 
so that the insulation of the lines could be employed to 
greater advantage. In regard to insulation, Mr Lane 
thought that the present cap and pin type of insulator 
was not necessarily the ultimate answer 

Although at present the cost of undergrounding a 275 kV 
overhead line in which the two circuits together carried 
550 MVA was about sixteen times that of the overhead 
construction, Mr Lane felt that this ratio could be re- 
duced. He emphasized the work that had been done on 
direct current cables. He concluded by saying that this 
problem of the ever-increasing number of overhead lines 
is around the corner for everyone in this field of engineer- 
ing, and deserves urgent attention. 

Mr Sporn, the Chairman of this session, intervened 
again to agree with Mr Lane that in settled communities 
there was already a very limited space for overhead lines, 
and this space was obviously decreasing. In the United 
States, there was a ‘right of eminent domain’, whereby a 
public utility could acquire compulsorily the right to 
build overhead lines, but he emphasized that these rights 
were used, and should be used, with the greatest possible 
discretion. He said that many people thought overhead 
power transmission towers were ipso facto ugly. Engineers, 
he said, should not pretend not to know anything about 
beauty. He advised them, when they left the conference 
room, to glance upwards at the Eiffel Tower and to 
realize that towers need not be a blot on the landscape. 
(However, an eminent British delegate whispered to your 
Correspondent that even Mr Sporn might change his 
mind if he saw a line of Eiffel Towers stalking away across 
the countryside; and this remark has considerable point 





when it is realized that some of the towers nowadays pro- 
posed for special duty such as river crossings are of the 
same order of height as the famous Parisian landmark.) 

The Russian contribution to the discussion came from 
Mr Lebedev, who said that in the USSR it had been 
decided that a figure of internal overvoltage of 2-5 times 
the phase voltage could now be safely used, instead of 3 
times the phase voltage, which was the figure taken into 
account in the original calculations for the 400 kV line 
Largely because of the influence of this factor, they had 
decided that it would be practicable to convert the 400 kV 
lines to S00 kV working with 15 per cent increased capa- 
city, and a programme directed towards this end was now 
in the course of execution. They found that the towers 
and a'l the substation equipment, excluding the trans- 
formers, could be converted relatively cheaply and simply. 
The first 500 kV line, now under construction, would 
form part of the complete grid system for the European 
area of the USSR. 

In the Asiatic part of the USSR, Mr Lebedev said that 
their problems included the transfer of energy on the 
scale of 2000 MW for 2000 km. For bringing in the 
energy from hydro-electric plants there was obviously no 
alternative; but when it came to the exploitation of large 
coal and oil reserves, he said that they had to consider 
whether or not pipe-lines might not compete in regard to 
nergy transmission. 

They were considering whether to go up to 600 kV or 
even 700 kV ac for these transmission projects, and they 
had done a great deal of work on direct current power 
transmission operating at 800 kV or 1000 kV. The Stalin- 
grad-Donbass de project at 800 kV is about to start con- 
Struction 


vc 


Single and Double Circuit Lines 
Mr Lane’s point about the multiplication of overhead 
lines was taken up by several speakers. Two eminent 
French engineers, for example, pointed out between them 
that the alternative to more transmission lines might well 
have been the inception of a greater number of power 
Stations in urban areas, giving much greater pollution of 
the air. They also said that, although a single circuit line 
does not utilize the terrain to the maximum advantage, 
nevertheless each country has its own special problems. 
In France economic reasons had made them decide on 
the installation of 225 kV double circuit lines which later 
could be transformed into single circuit 380 kV routes. 
An interesting Canadian paper described the change- 
over of a wood pole line from 115 kV to 230 kV, but Mr 
Casson, of the Central Electricity Generating Board, 
rather criticized this project in the sense that the original 
design must have been somewhat uneconomic, since only 
the addition of two extra insulator discs was required for 
this very considerable increase in voltage. He thought 
that, in line with Mr Lane’s suggestions, the uprating of 
lines must receive proper consideration. On the other 
hand, he said that to convert a double circuit 132 kV line 
to a single circuit 275 kV line would double the power 
transmission rating, while to change a 275 kV line to a 
380 kV line would only increase the transfer capacity by 
50 per cent. He thought that, in spite of the problems of 
installing new overhead lines, it was better to reinforce a 
system by installing a new line unless it was possible to 
double the rating of an existing line. Mr Casson also re- 
ferred to a paper from West Germany in which it was 
indicated that the earth wire conductor was the same 
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size as each of the phase conductors in the bundle. He 
thought this unusual specification was justified on the 
grounds of higher short-circuit strength, and he felt that, in 
general, a heavy current capacity in the earth wire reduced 
losses, since not inconsiderable currents flowed in the 
earth wire under normal conditions. 


Reactive Power 

Mr Lalander, of the Swedish State Power Board, 
raised the point of reducing the duties on future large- 
scale overhead line power transfer systems by avoiding 
the transport of reactive power. He thought it best to 
generate reactive power near to the point of consump- 
tion, rather than at the generating point. In general, 


he felt that shunt capacitors formed the best method of 


producing the reactive power, but in the large substations 
they preferred synchronous condensers. They had decided 
to employ units of 100 MVA. 

In the discussion on this point, Mr Cash (CEGB) said 
that in Great Britain we also found that it would be de- 
sirable in the future not to transport reactive power, and 
we were proposing to use 40 MVA synchronous conden- 
sers, although none was actually installed at the moment. 
The requirement for reactive power would come gradu- 
ally, Mr Cash said, and it will be distributed over a 
number of points 

From the USA there came news of a proposed experi- 
ment with a 750 kV project, and an experimental line 
section was to be built mainly in order to obtain experi- 
ence in regard to radio interference. 

Although both the Russian and American engineers 
mentioned voltage levels in the 700 kV region as being 
possible for future use, nevertheless it seemed to be a 
fairly widely held opinion that the economic advantages 
of increasing transmission voltages much above 500 kV 
were not as great as had been anticipated, and the curve 
of cost versus voltage began to level off. This point was 
made by Mr Lane, implied by Mr Casson, and stated by 
Swedish delegates, who said that although they had made 
close economic studies of a 650 kV voltage level for dis- 
tances of the order of 1000 km, the advantages over the 
500 kV level seemed too small to justify the higher 
voltages. 

The second main section of this session related to over- 
voltages. In his summing-up of the papers, M. Cahen 
said that this question was particularly important since 
the internal overvoltage level of a system was, in practice, 
considered as determining the insulation of the lines and 
the equipment. At extra high voltages, he said, flashovers 
on line insulators due to atmospheric overvoltages were 
scarce, and automatic reclosing largely eliminated the 
effects of those overvoltages which did occur. 

The Special Reporter drew attention to studies made 
in Sweden on this subject, which showed that for long 
transmission schemes the internal overvoltages likely to 
affect the lines near their ends are higher than those which 
may occur in the substations; and this may lead to an 
overinsulation of the lines in comparison with the sub- 
station equipment. Bearing in mind that insulation 
formed a major part of the cost of very high voltage lines, 
it was important that this factor should be taken into 
account. There was also the question of the favourable 
influence of a decrease of the system impedance or an in- 
crease in its short-circuit power at the connexion point 
of a long line, on the internal overvoltage level. The 
Swedish engineers had found that this influence was con- 
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siderable and that as a system extended the overvoltage 
level increased, and the equipment insulation could in 
consequence be reduced. 

Turning to the third main subject in this session—the 
question of corona and radio interference problems—it 
seemed apparent from all sides except one that radio in- 
terference was nowadays more important than corona 
loss. The exception was the Russian viewpoint, where it 
appeared that, although the Russian engineers thought it 
obviously desirable to reduce radio interference, never- 
theless with their lines running largely over sparsely popu- 
lated territory, the corona loss at 500 kV might well result 
in economic losses of no inconsiderable magnitude, 
whereas the radio problem was relatively unimportant. 

The use of bundle conductors, with up to 4 conductors 
per phase (as at present used in Germany and to be used 
in the USSR), appeared to solve the corona loss problem 
as completely as would ever be possible. 

With regard to radio interference, an American dele- 
gate said that this was one of the most complex problems 
in high voltage transmission, and the one about which 
there is still the most to learn. He felt that the approach 
in America would always be, if possible, to build a test 
line and then to analyse the results. 

It was generally felt that there was no method yet 
evolved for pre-determining radio interference levels. The 
influence of altitude is obviously of importance, and 
American test results showed that at an altitude of 3000 
metres the radio interference was 23 per cent higher than 
at 200 metres, the ratio of the air densities being approxi- 
mately 1-35. 

Apart from this session of the 1958 CIGRE Confer- 
ence, perhaps the most interesting discussion emerged 
from the cable section; but before turning from overhead 
lines to underground cables, space may permit us to take 
the briefest of glances at the other sections. 


Transport of Large Transformers 

Many countries appear to have come up rather rapidly 
against the transport limitations of their respective rail 
and road systems on the movement of large transformers 
from the works to the site. We in Great Britain, in relation 
to rail transport, appear to be somewhat behind other 
countries in the maximum size of transformer we can 
handle, and a figure of 137 tons under the most favourable 
conditions was given for this country. On the other hand, 
it appeared that 200-ton transformers could be carried by 
road under exceptionally favourable conditions. 

Discussion of this limitation naturally led to considera- 
tions of the transport of dismantled transformers; and 
here the question arose as to whether it was reasonable 
to expect, when a transformer had been carried to site in 
parts, that it was necessary for more than an overvoltage 
test to be called for. The general opinion appeared to be 
that impulse tests on site were too complicated and costly 
and could not, in general, be expected. 

It seemed that there is a movement in most countries 
towards using 3-phase transformer units to a greater ex- 
tent than before, up to a size of about 500 MVA. 

A particularly interesting paper from Great Britain was 
presented by Messrs W. Casson and G. B. Harper of the 
CEGB, in which they compared the different types of 
transformer produced by British manufacturers for the 
British 275 kV system. The impressive total of 94 275 kV 
transformers ordered (up to September 1957), with 42 of 
these units either in service at that time or almost ready 








for commissioning, showed the electrical world, in gen- 
eral, something of the achievements of our transformer 
industry; and since the survey was of an impartial nature, 
it was all the more valuable and will no doubt be widely 
read overseas. 

An innovation in the transformer field was a proposal 
from a German source for the use of transductors in 
connexion with on-load tap-changing, to replace the 
series switches. 

The Chairman of the transformer session, Mr E. T. 
Norris of Ferranti Ltd, drew attention to the lack of 
knowledge about the properties after service of the copper 
used in transformer windings, in relation to the be- 
haviour of transformers under heavy short-circuits. He 
felt that this was a subject for considerable further re- 
search. 


Cooling of Large Generators 
In the generator section, the focal point of the discus- 


sion was, not unnaturally, that of improved methods of 


cooling for large machines, to enable the units now in 
design to conform to transport limitations (among other 
reasons). The paper by Mr W. Kilner, of Metropolitan- 
Vickers Electrical Co Ltd, on the practical experience 
gained with a 30 MW generator at the Bold power 
Station* was heard with considerable interest, particu- 
larly in view of the complete success attending its com- 
mercial operation. 


The question of cooling appeared still to be capable of 


several solutions. The most economical solution, as pro- 
posed in the discussions by several delegates, appeared 
to be rotors cooled by gas with stators cooled by a liquid 
which might be either oil or water. Nevertheless, it was 
agreed that each case needed careful study in relation to 
transport limitations and other dimensional problems. 
The circuit-breaker section of this year’s CIGRE Con- 
ference showed that the old familiar subjects are still 


evoking new points of view. For example, the study of 


post-arc currents is being pursued in a number of countries, 
but all that the Special Reporter could do in summing up 
the discussion was to say that it is hoped that the results 
vhich will be obtained will allow for a better knowledge 
»f the phenomena which lie at the heart of the interrup- 
tion of current in an arc. The second old favourite in the 
switchgear section is that relating to the problems of ex- 
trapolating results of synthetic tests on circuit-breakers, 
to enable their performance under full-scale faults to be 
forecast 

In this section, Messrs D. F. Amer and A. F. B. Young, 
of A. Reyrolle and Co Ltd, gave an authoritative opinion 
on this matter in relation to minimum oil circuit-breakers. 
\s a result of an extensive series of tests at their com- 
pany’s new short-circuit testing station, they came to the 
conclusion that short-circuit tests on oil circuit-breakers 
or circuit-breaking units must be made at full current 
and full recovery voltage. They felt that tests at reduced 
voltage were inadequate for assigning ratings to such 
breakers, since the proper recovery voltage was essential 
for determining weaknesses in the electric strength in the 
proximity of the gas bubble, with consequent effects on 
arc re-ignition. 

The general feeling that it had nowadays been possible 
to reduce the overvoltages which could be produced 
during the rupturing of small inductive or capacitative 
currents was welcomed by all the delegates interested in 
* THE BEAMA JOURNAL, 64, No 1, Feb 1957. 
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switchgear matters; but certain doubts were expressed, in 
the discussion, as to whether the low overvoltage figures 
were obtained by means which might possibly lead to a 
lessening of reliability. 

Although the revised arrangements for CIGRE con- 
ferences are such as to permit certain subjects to be dis- 
cussed only once every four years and direct current 
power transmission was not one of the subjects on the 
agenda for this year’s meeting, nevertheless this relatively 
new method of carrying large blocks of power was sig- 
nificantly prominent in the cable discussions. 

The Special Reporter of the cable section was Dr L. G. 
Brazier of British Insulated Callender’s Cables Ltd, and 
he said in his special report that when the Study Com- 
mittee on this subject last met, they decided that direct 
current cables formed the first preferential subject for the 
1958 Conference. Five papers, including two from Great 
Britain, touched on this subject. 

Within a very short period of time (as time is measured 
in relation to progress in power transmission), direct 
current has become accepted as the normal method for 
consideration in relation to any form of submarine cable 
exceeding a few miles in length. In fact, to quote from a 
paper by Messrs J. S. Mgllerhgj of Denmark and C. T. W. 
Sutton and A. M. Morgan of Enfield Cables Ltd: *The 
economic expansion of ac transmission schemes separated 
by water has, except in instances where the crossing is 
short and the voltage low, been impracticable both from 
the technical and economic aspects. The interest in the 
use of direct current transmission has been stimulated by 
the demonstration of its practicability by the successful 
launching of the Gotland scheme in Sweden, work in the 
USSR and Japan, and the issue of the enquiry for the 
cable to be used between England and France. At the 
same time, the relative merits of a de scheme from all 
points of view have repeatedly been stressed in the past 
by CIGRE conferences and committee meetings. Conse- 
quent on these developments the cable engineer must now 
provide a submarine cable which will fulfil the require- 
ments of a de system.” 


Submarine Cable Techniques 

From the papers and discussions, it is obvious that 
there ts still room for a good deal of argument as to the 
best form of cable for submarine work. One British firm, 
on the basis of experience gained on the very well-known 
Vancouver Island project, put forward strong claims for 
the advantage of continuous manufacture. This could be 
carried out with pre-impregnated paper cable under gas 
pressure or with solid type cable. On the other hand, 
many delegates expressed the view that it would, in any 
case, be necessary at some time to employ joints, since no 
submarine cable was likely to escape ships’ anchors for 
ever, and thus flexible joints had to be developed, or at 
least some form of jointing technique for extra high volt- 
age power cables would be needed. 

Among the papers heard in this section was one from 
Messrs R. C. Mildner and E. D. Humphries of the Tele- 
graph Construction and Maintenance Co Ltd, in which 
the authors said that plastic-insulated cables were now 
available for de use, for voltages at least as high as 200 kV 
to earth. They urged consideration of the superior ageing 
properties of synthetic plastics because of their chemical 
inertness, and they stressed their uniformity and homo- 
geneity when strictly controlled during manufacture. 

The flat cable with fluid oil and special pressure com- 
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pensating arrangements was the subject of a paper men- 
tioned earlier from Enfield Cables, and as a result of con- 
siderable experience in Danish waters, coupled with the 
evolution of a two-core version for de working, the 
authors felt that this cable had special claims for future 
submarine projects. 

Mr E. L. Davey, of British Insulated Callender’s Cables 
Ltd, said that for up to 100 fathoms (183 m) in depth the 
gas-filled cable was preferable, as it could be made for the 
highest voltages and could withstand the greatest water 
pressures, while for depths up to about 50 fathoms (91 m) 
he thought the solid type was preferable, and, moreover, 
it could be made in lengths up to 30 miles (48 km). It 
could be impregnated with compounds having setpoints 
well above the maximum working temperature, and con- 
sequently there would be no migration of compound and 
the cable would be elastic under all conditions. With re- 
gard to the plastic cable, which he felt was not yet fully 
developed for this purpose, Mr Davey thought that in the 
future it was clearly the only type of cable suitable for use 
at depths greater than 150 fathoms (274 m). In his view 
continuous manufacture for all types and all lengths of 
submarine cables was a vital necessity. 

The delegates to the 1958 CIGRE Conference had the 
opportunity of making one or more of four technical 


visits: a modern French thermal station at Porcheville 
equipped with four 125 MW generating units; the regular 
visit to the Fontenay testing station of Electricité de 
France; an exhibition of electronic equipment used on the 
French National Railways; and an inspection of the 
380 kV substation at Plessis-Gassot. 

At this latter site, it was interesting to hear the com- 
ments of delegates on the 12,000 MVA suspended-type 
minimum oil circuit-breakers on the 380 kV system. It was 
amazing to compare these mentally with similar breakers 
of the bulk oil type. Those of us who had encountered 
high voltage switchgear maintenance problems wondered 
how long it would take to lower the breakers to the 
ground and re-suspend them. Nevertheless it was an 
extreniely interesting arrangement. 

~ * * * 

The real account of this CIGRE meeting—or, indeed, 
of any CIGRE meeting—could never be written; it would 
have to take account of the thousands of private conver- 
sations held between the engineers of every country, in- 
cluding many from behind the Iron Curtain, and the 
gradual revelation of differing or similar points of view 
on all the scores of basic matters concerned with long- 
distance power transmission in which every nation on the 
earth ultimately has a vital interest. 


720 MW of New Generating Capacity 


WiTH the formal opening of two new power stations— 
Hams Hall *C’* in May and Tilbury in June—a further 
720 MW of generating capacity have been added to the 
Central Electricity Generating Board’s system. 

Hams Hall *C’ is the third power station to be built on 
the Hams Estate; it is also the largest. The* A’ station, with 
a total plant capacity of 249 MW, was completed in 
1938 39: the * B’ station was built during the war, and the 
final extension, giving a total output of 321 MW, was 
completed by the end of 1949. Hams Hall *C’, with a 
capacity of 360 MW, brings the total of the installed 
plant on the site to 930 MW and makes it the largest in 
the CEGB’s system. 

Situated some 9 miles (14:5 km) north-east of the 
centre of Birmingham, the site is bounded on its north 
side by the main Birmingham to Derby railway line, and 
on the south by a loop from this line which has a con- 
nexion into Leicestershire. To this loop are connected 
the whole of the railway sidings serving the three power 
stations. 

The coal handling plant at Hams Hall *C’ is designed for 
a total capacity of 600 tons an hour direct from tipplers 
to bunkers. A coal store of 200,000 tons is provided, and 
the plant is designed so that in an emergency the station 
can be coaled wholly from store. 

Each of the six boilers will generate 550,000 Ib (249,500 
kg) of steam per hour at 950 Ib sq in (66°8 kg cm?) and 
925 deg F (496 deg C) at the superheater outlet, with a 
feed water temperature of 385 deg F (196 deg C). The 
boilers are of the natural circulating water tube type, 
with water-cooled combustion chamber fired by pul- 
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verized fuel. They are designed to burn low-grade fuels, 
the design calorific value being 8200 BThU’s per Ib 
(gross) (4555 kg cal per kg). 

The six 60 MW turbogenerators operate at a steam 
pressure of 900 Ib sq in (63 kg cm?) and a temperature of 
900 deg F (482 deg C) at the turbine stop valve, and run 
at 3000 rpm. The alternators, which are hydrogen cooled 
at a pressure of 0-5 Ib’sq in (35 g/cm?) will give the full 
output of the turbine—60 MW—at 0°8 pf and at a voltage 
of 11,800. They are direct coupled to transformers step- 
ping up to 132 kV, at which pressure they are switched on 
to the grid. The transformers, of the forced oil/air-blast 
type, are rated at 72,000 kVA and have on-load tap 
changing equipment to give a variation of + 10 per cent 
nominal. 

The arrangement of each turbine and boiler is on the 
unit principle, and there is no interconnexion on the 
steam or feed services. 

Each unit—the turboalternator with its condenser and 
feed heating plant, together with its boiler and dust 
extraction plant—is controlled from a single control 
board situated at operating floor-level between the 
turbine and its boiler. In addition, each turbine has a 
supervisory panel situated near its governor end. This 
records the relative displacement of the turbine rotating 
and stationary blades, the eccentricity of the shaft, and 
other useful data on the behaviour of the machine. 


Auxiliary Electrical Supplies 
A 6000 kVA, 11:8 3-45 kV transformer is connected by 
links to each alternator to provide auxiliary supplies for 








the associated turboalternator-boiler unit from a single 
busbar 3-3 kV switchboard. 

Starting and standby supplies for the complete installa- 
tion of six machines are obtained from two 10,000 kVA, 
132 3-45 kV station transformers, which are connected 
to two duplicate busbar 3-3 kV switchboards. Inter- 
connectors with synchronizing facilities are provided from 
this switchboard to the single busbar switchboards to 
enable the turbine and boiler auxiliaries to be energized 
from the station transformer switchboard until the alter- 
nator has been synchronized with the system, after which 
the auxiliary supplies are switched to the unit 6000 kVA 
transformer. 

Common station services and the standby boiler feed 
pumps are connected to the duplicate busbar station 
transformer switchboard. Supplies to auxiliaries below 
150 hp are at 415 V obtained through step-down trans- 
formers from the 3-3 kV system. 

The 3-3 kV switchgear, of the metal-clad airbreak type 
with remote control features, has a rated breaking 
capacity of 150 MVA. 


Main Switchgear and Transmission 
With the commissioning of Hams Hall *¢ 
desirable to reconstruct the 132 kV substation associated 


*. it was found 


with the * A’ station, adding the necessary circuits for the 
*C’ station generators and outgoing feeders 

The new substation is of the outdoor type, with ferro- 
concrete structures carrying the busbars and isolators 


It replaces the old substation and was built in a way 
which allowed the old lattice steel str 
mantled stage by stage, and the circuits to be progressively 
transferred to the new substation as the work proceeded, 
without prolonged outages of the circuits concerned 


ucture to be dis- 





ferial view of Hams Hall *€ ng north 


The double busbars are a ved in fo 


ir sections, with 


section switches and coup The reserve busbar 1s 
U-shaped with the mai side it—an arrangement 
which allows connexi ) be made to the front or back 
of the substation with equal ease and without resorting 


to high fly-over con it also reduces the overall 


length of the substation 


leXIONS, 


There is provision for a total of 35 circuits: six gener- 
ators, two station transformers, four grid transformers 
and four connexions to the adjoining 275 kV supergrid 
substation; the remainder are 132 kV feeders, bus section 
and bus coupler circuits, and three interconnectors to the 
existing Hams Hall *B* substation. 

Circuit-breakers are of the air-blast type of 3500 MVA 
breaking capacity and are remotely controlled from a 
central control room except the generator and station 
transformer circuit-breakers, which are controlled from 
the *C’ station control room. 

The four grid transformers, with a total capacity of 
195 MVA, are connected to the 11 kV busbars in the *A° 
station and the 33 kV busbars in the ‘B’ station. Con- 
nexions to the 120 MVA, 275 132 kV supergrid trans- 
formers are by overhead lines. 

Design and construction of Hams Hall *C’ was under 
the supervision of the Northern Group construction 
staff of the Midland Division (now part of the Mid- 
lands Project Group, CEGB), and the principal con- 
tractors and sub-contractors for the electrical equipment 





included 


Aiton & Co Ltd 
Babcock & Wilcox Ltd 


British Insulated Callender’s 
Cables Ltd 

British Thomson-Houston Co 
Ltd 


Thos. Bolton & Sons Ltd 

Bryce Electric Construction Co 
Ltd 

The Bush ng Co Ltd 

Chamberlain & Hookham Ltd 

Chloride Batteries Ltd 

Davidson & Co Ltd 


Electric Construction Co Ltd 
English Electric Co Ltd 


Everett, Edgecumbe & Co Ltd 
Ferranti Ltd 

Foster Transformers Ltd 
General Electric Co Ltd 


W. T. Glover & Co Ltd 

James Howden & Co Ltd 

Lancashire Dynamo & Crypto 
Ltd 

Laurence Scott & Electromotors 
Ltd 


Mather & Platt Ltd 


Metropolitan-Vickers Electrical 
Co Ltd 

Mitchell Engineering Ltd 

Nalder Bros & Co Ltd 

Pirelli-General Cable 
Ltd 

Premier Cooler & Engineering 
Co Ltd 

A. Reyrolle & Co Ltd 


V/orks 


Richardsons Westgarth Ltd 

Standard Telephones & Cables 
Ltd 

Stewarts & Lloyds Ltd 

Sturtevant Engineering Co Ltd 

Taylor-Tunnicliff & Co Ltd 

Transformers (Watford) Ltd 

Wallace & Tiernan Ltd 

C. C. Wakefield & Co Ltd 

G. & J. Weir Ltd 

Worthington-Simpson Ltd 


Evaporators and pipe-work 
ish and dust handling plant 
Cables 


Votors, auxiliary switchgear, and 
voltage transformers 

Rigid husbars and connexions 

f4uxiliary transformers 


Bushing insulators 

Vetering equipment 

Batteries 

1D and FD fans, mechanical grit 
collectors, and booster fans 

4uxiliary transformers 

Reactors, motors, and switch- 
hoards 

Instruments 

Transformers and rectifiers 

fuxiliary transformers 

Generators ; generator aud station 
transformers 

Vain and auxiliary cabling 

dir heaters and exhauster fans 

Motors and rectifiers 


Motors 


Circulating water pumps, sluice 
pumps, fire-fighting equipment 

Automatic voltage regulators and 
motors 

Coal handling plant 

Instruments 

Flexible busbars and connexions 


Hydrogen coolers 


Main and auxiliary switchgear, 
protective equipment, instru- 
ments, workshop equipment 

Circulating water screens 

Telephones and locators 


Handrails, pipe-work, and valves 

Dust extraction plant 

Insulators 

Auxiliary transformers 

Chlorinating plant 

Oil handling plant 

Boiler feed pumps 

Auxiliary pumps and air com- 
pressors 
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Tilbury Power Station 

This station, situated in Essex and close to the Thames 
Estuary, was originally planned for nine units. At present 
it houses six boilers and turboalternators, each rated at 
60 MW, giving a total installed capacity of 360 MW. The 
first of the six units was commissioned in September 1956, 
and the sixth unit was completed 15 months later in 
December 1957. 

The civil engineering work included a reinforced con- 
crete jetty, 400 ft (122 m) long, with facilities for unload- 
ing coal which is delivered alongside in 4500-ton colliers. 
The upstream arm of this jetty, 300 ft (91 m) long, is 
arranged to accommodate plant for loading ash into sea- 
going barges. 

The whole layout of the site has been planned to allow 
a second station to be constructed, on land which is at 
present undeveloped, downstream of the present station. 
This consideration has determined the design of the coal 
handling plant and the size of the main control room, 
offices, and workshops. 

The coal handling plant—consisting of four jetty cranes, 
belt conveyors direct to the boiler bunkers or to store, and 
a reclaiming transporter—has a maximum capacity of 800 
tons an hour, and each of the bunkers over the six boilers 
has a capacity of 730 tons. 

In 1955 consideration was first given to the installation 
of equipment to enable a heavy residual oil to be burned 
as an alternative to coal. For this purpose, two storage 
tanks, each of 14,500 tons capacity, have been built, to- 
gether with piping and pumps to take oil from 5000-ton 
tankers discharging at the jetty and to deliver it ultimately 
to the oil burners in the boilers at 500 Ib/sq in (35 
kg/cm*) and 280 deg F (138 deg C). 

No 6 boiler was commissioned on oil; the other five 
have been using coal since they started operating and are 
being converted to oil during this year. For oil burning, 
the pulverized fuel burners and their connexions are 
removed from the boilers and replaced by oil burners. 

Each boiler and turboalternator forms a single unit. 
Steam pressure is supplied by the former at 900 Ib/sq in 
(63 kg cm?) and 900 deg F (482 deg C), and the latter 
run at 3000 rpm and have a maximum and economical 
rating of 60 MW each. They are all three-cyclinder 
machines with a double-flow exhaust; the first three are 
impulse-reaction type turbines, and the other three are 
reaction type. 

The generators are cooled by hydrogen circulating at 
0:5 Ib sq in (35 gcm?2), but No 6 is of special interest, as 
the stator is directly water-cooled by distilled water cir- 
culating through the windings. This is a prototype gener- 
ator used to obtain experience of this system of cooling 
before it is applied to the very much bigger generators 
now being constructed for the CEGB and in which it is 
essential to keep the size of the generator within practical 
limits. 

Each alternator generates at 11-8 kV and feeds directly 
into a transformer rated at 72 MVA which raises the 
generated voltage to 132 kV at full load. In addition, 
there are two station transformers taking their supply 
from the 132 kV switching station and feeding the 3-3 kV 
auxiliary switchboards in the power station. A unit trans- 
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former is also connected to each generator, and normally 
supplies the auxiliary power required for its own turbine 
and boiler unit. 

The main 132 kV switchgear is outdoor equipment of 
the air-blast type, with a rupturing capacity of 3500 MVA. 

Both this and the 3-3 kV switchgear are controlled 
from the main control room, where the switching and 
loading of the main generators and the switching of the 
132 kV outgoing lines are controlled. This room also 
contains the controls for a 33 kV substation on the site, 
fed from the 132 kV system. 

The Tilbury power station is now supplying electricity 
to the CEGB’s 132 kV grid, and will ultimately supply 
the 275 kV supergrid. 

The project became the responsibility of the British 
Electricity Authority on its establishment in 1948, and 
the design and construction of the station has been under 
the direction of the Eastern Divisional Controller of the 


CEGB. 





Aerial view of Tilbury Power Station 


The principal contractors and sub-contractors for the 
main and auxiliary electrical equipment included: 


Daniel Adamson & Co Ltd 

Babcock & Wilcox Ltd 

Brush Electrical Engineering Co 
Ltd 

Chloride Batteries Ltd 


Drysdale & Co Ltd 
English Electric Co Ltd 


General Electric Co Ltd 
Mather & Platt Ltd 


Metropolitan-Vickers Electrical 
Co Ltd 

Mitchell Engineering Ltd 

C. A. Parsons & Co Ltd 


Pirelli-General Cable Co Ltd 

Standard Telephones & Cables 
Ltd 

Stewarts & Lloyds Ltd 

Sturtevant Engineering Co Ltd 


Auxiliary boilers 
Ash and dust handling plant 
Auxiliary transformers 


Station batteries and charging 
equipment 

Circulating water pumps 

Nos 1,2, and 3 turboalternators, 
condensers, and feed heaters; 
generator and station trans- 
formers, 3-3 kV and 415-volt 
switchgear and 3-3 kV control 
panels 

33 kV control panels 

Fire protection equipment and 
auxiliary pumps 

132 kV control panels and switch- 
gear 

Coal handling plant 

Nos 4, 5, and 6 turboalternators, 
condensers, and feed heaters 

132 kV cabling 

Operator's desk in control room 
and operation telephones 

Low-pressure pipe-work 

Vacuum cleaning plant 
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Research for Industry 


A SUMMARY of the work done during the 15 months to 
the end of 1957 by the 39 research associations and 7 
research councils in receipt of a Government grant has 
just been issued by the Department of Scientific and 
Industrial Research. 

The total combined income of the associations was 
£6 m, of which the Government grant provided £1-5 m, 
which included a special grant to the Association of 
Special Libraries and Information Bureaux (ASLIB) to 
help in acquiring the larger premises it needs. 

From the range of activities detailed in the Report and 
covering such diverse industries as baking, printing, 
hosiery, leather (to mention only a few), we naturally 
select the body mainly responsible for research work 
in the electrical field—the British Electrical and Allied 
Industries Research Association, with its laboratories at 
Leatherhead, Surrey, and Perivale, Middlesex, and its 
field station at Shinfield Green, near Reading, Berkshire 
Principal points from its report are as follows: 

The transfer of the high power switch and control gear 
laboratories from Perivale to the new buildings at 
Leatherhead is under way, and a 2-8 million volt surge 
generator with a stored energy of 130 kilowatt-seconds 
has been installed in the new Leatherhead laboratories. 
Its associated measuring equipment includes a 2-metre 
sphere gap and some novel oscillographic and tripping 
devices. With this equipment it will be possible to carry 
out full-scale tests on the highest voltage apparatus likely 
to be used on transmission systems. 

For investigation into surge propagation in trans- 
former windings, a new recurrent surge oscillograph has 
been developed which has a special feature in that the 
injection unit can be placed very close to the apparatus 
inder test. A lightning flash counter which may lead to a 
more satisfactory unit of assessment of lightning activity 
than the ‘thunderstorm-day’ has been devised in col- 
laboration with Dr E. T. Pierce of Cambridge and has 
attracted considerable attention overseas. 

[wo investigations into the testing of circuit-breakers 
are being carried out: the first is concerned with the 
proper voltage division between units in series, and the 
second the practical application of a method of synthetic 
testing which was proposed a few years ago 

[he programme on arc physics has shown very close 
agreement between theory and observation in the suc- 
cessive formation of cores within the arc column, and 
temperatures of 40,000 deg K have been predicted and 
measured. 

In the field of rural electrification, 
of ‘Future Research on Applications of Electricity to In- 
crease Food Production’ was held during the year and 
was well attended by represent from this 
country and abroad 

There have been further ad esearch on trans- 
formers, cables, safety and flameproof equipment, radio 
interference, heating, and stic equipment. An analy- 
sis of certain features rc welding of aluminium 
in argon has been carried out in cooperation with the 
British Welding Resear issociation, and long-term 


al 
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investigations have just been started on stress rupture 
testing of steel bars and creep rupture of pipes maintained 
at temperatures around 750-775 deg C. 

Here are brief details of the work of other associations 
whose research has a bearing on the electrical industry. 
The British Shipbuilding Research Association has a 
team located at the Atomic Energy Research Establish- 
ment, Harwell. This team has now been reorganized as a 
separate section of the Association, and active steps have 
been taken to keep the shipbuilding industry informed of 
research and developments in the marine application of 
nuclear energy. 

The Parsons and Marine Engineering Turbine Re- 
search and Development Association (PAMETRADA) 
records steady progress in design improvements to marine 
turbine propulsion machinery, particularly in the use of 
higher speeds and loads for gearing. The new research 
building has now been equipped for investigations into 
noise and vibration in gearing, critical speeds, and 
hydraulic couplings. Space is also available for epicyclic 
gear brake research and development. Two members of 
the staff are permanently attached to the British Ship- 
building Research Association team at Harwell. 

The new metallurgical laboratories of the British 
Welding Research Association at Abington Hall, near 
Cambridge, were formally opened in July of last year. 
Considerable research has been done on the weldability 
of various metals and alloys, including the higher strength 
steels, and aluminium and its alloys. Special equipment 
has been constructed to investigate fundamental aspects 
of the weldability of titanium and zirconium alloys. 
Research is also being carried out on argon-shielded 
methods of welding aluminium alloys, and on a 
new process of carbon dioxide-shielded welding for 
ferrous materials. 

The British Scientific Instrument Research Association 
has extended its activities in the electronic field and has 
appointed a nuclear physicist to lead a team of specialists 
on nucleonic instrument development. Reports have been 
published giving information on the uses of semi-conduct- 
ing devices in instruments and longer term tests are now in 
hand. Work on special flow meters is being concentrated 
on electromagnetic and ultrasonic methods. 

The Production Engineering Research Association 
(PERA) reports that members have made wider and more 
effective use of all its research, information, and educa- 
tion services during the year. A new education and train- 
ing department has been formed and a new research 
block has been occupied by production engineering re- 
search laboratories, workshops, and the metallurgy and 
metrology laboratories. 

An interesting subject under investigation by the Re- 
search Association of British Rubber Manufacturers is 
anti-static rubbers. An important stage has now been 
reached and a technical manual surveying the whole sub- 


ject and incorporating the extensive results of the Asso- 


ciation’s work has been published. 
Research for Industry is published by HM Stationery 
Office at 7s 6d (by post 8s Id); 1 dollar 35 cents, USA. 
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Royal Patron for Computer Exhibition and 
Symposium 
HRH The Duke of Edinburgh has consented 
to be Patron of the Electronic Computer 
Exhibition and Symposium which will be 
held at Olympia, London, from 28 Novem- 
ber to 4 December 1958 

The exhibition will be the first of its kind 
in the world, and more than forty British 
manufacturers of electronic computers and 
associated equipment have taken space. The 
symposium, which will run concurrently 
with the exhibition, will have as its theme 
the value of the computer as an aid to 
management, and the papers to be pre- 
sented will be designed to give the business 
executive the latest information derived 
from up-to-date practical experience of the 
installation and operation of British com- 
puters and data processing systems in a wide 
variety of business applications 

Immediately preceding the exhibition and 
business symposium there will be a scientific 
symposium on computers organized by the 
National Physical Laboratory, to be held at 
the NPL, Teddington, Middlesex, from 24 
to 27 November 1958. Admission to this 
event will be by invitation 

The organization of the exhibition and 
business symposium, which was initiated by 
the National Research Development Cor- 
poration, is in the hands of the Electronic 
Engineering Association (EEA) and the 
Office Appliance and Business Equipment 
Trades Association (OABETA). Further 
information can be obtained from the Exhi- 
bition Organizer, 1113 Dowgate Hill, 
London EC4 


BCURA Annual Report 

The annual report of The British Coal 
Utilization Research Association shows the 
wide field of investigations undertaken by 
the Association into problems associated 
with the use of coal. 

With the coming into force of the Clean 
Air Act, means had to be found of measur- 
ing the amount of grit and dust emitted from 
chimneys. This work was substantially com- 
pleted during 1957 and the findings will be 
published in a handbook which will be 
available shortly. 

The Boiler Department has devised an 
improved method of controlling the air 
distribution through the fuel beds of chain 
grate stokers for shell-type boilers, and is 
developing a simple air/fuel ratio controller; 
in this and other Departments increased 
attention is now being given to the automatic 
control of firingappliances. The need to facili- 
tate the use of small coal in place of graded or 
large-size coal has stimulated the work on 
improving the performance of mechanical 
firing equipment for industrial boilers. 

Work carried out by the Association on 
behalf of the Boiler Availability Committee 
included tests at a number of power stations 
to evaluate means for inhibiting corrosion 
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in boilers due to the condensation of acid. 
It also comprised laboratory studies on the 
release of chlorine, alkalis, and sulphur dur- 
ing the combustion of coal. Towards the 
end of the year, consequent upon the change 
in emphasis of the work of the Fuel Research 
Station, the BCURA was asked to extend its 
programme of research for this Committee. 

Copies of the Annual Report, price 10s, 
may be obtained from the Liaison and 
Publications Officer, BCURA, Randalls 
Road, Leatherhead, Surrey. 


New Factory for Gresham Transformers 

At the recent opening of the new heavy 
transformer assembly factory at Twicken- 
ham, Middlesex, it was stated by Mr John 
P. Coleman, MIEE, Chairman and co- 
founder of Gresham Transformers Ltd, that 
the new building has been designed especi- 
ally for heavy power transformers up to 
5000 kVA for the Canadian market, where 
the company has, over the last three years, 
established a steady business. 

He also drew attention to the fact that 
the new building has been equipped through- 
out with off-peak thermal storage floor 
heating, using heavy gauge ‘Kumanel’ wire 
elements operating at 55 V. The total load is 
130 kW. The Electrical Research Associa- 
tion cooperated in planning the installation 
and has fixed a large number of thermo- 
couples to observe the thermal behaviour 
under working conditions, from which it is 
hoped to accumulate some valuable data 
which will contribute to a study of this 
comparatively new form of space heating. 

Mr R. R. B. Brown, BA, BSc, MIEE, 
Chairman of the Southern Electricity Board, 
formally declared the building open. Point- 
ing Out that the steady expansion of electri- 
city distribution underlined the need for 
more transformers, he congratulated the 
company On its enterprise and deserved 
success. He also commended the new floor 
heating system as a valuable contribution to 
the off-peak load. 

He was followed by Mr Peter Young of 
the Dollar Export Council, who spoke of 





MV Anno taking the cables aboard at the Siemens Edison 
Swan wharf at Woolwich. (See story in third column) 


his recent visit to Canada with the British 
Trade Commission and referred to the 
remarkable success which had been achieved 
by the recently formed selling company— 
Gresham Transformers (Canada) Ltd. 

Thanking the two previous speakers, Mr 
Gresham Cooke, MP for Twickenham, 
added his congratulations to the company 
on their steady expansion and their contri- 
bution to the prosperity of Twickenham. 

The Gresham Group now comprises: 
Gresham Transformers Ltd, Gresham Elec- 
tronic Transformers Ltd, Lion Electronic 
Developments Ltd, Gresham Developments 
Ltd, Hughes (Taplow) Ltd, and the Gresham 
Lion Group Ltd. 

The original company—Gresham Trans- 
formers Ltd—was founded in 1939 to manu- 
facture high quality transformers, and one 
of their principal developments is the range 
of * Lofel’ low-loss transformers. 


Laying an Under-water Power Line in 
Scotland 

The steady expansion of the electricity 
supply in the area covered by the North of 
Scotland Hydro-Electric Board often means 
that the power transmission lines have to be 
taken across the lochs. Such a case occurred 
recently on the west coast of Scotland, 
where three underwater crossings were in- 
volved : one across Loch Fyne (thereby obvi- 
ating a 62-mile (100-km) inland route), 
another across the Kyles of Bute, and the 
third from Lochalsh to the island of Skye. 
All these cables were connected to a 33 kV 
overhead land line 

The manufacture and laying of the cables 
were carried out by Siemens Edison Swan 
Ltd, who installed in their Woolwich works 
new plant especially designed to handle long 
lengths of cable—particularly submarine 
types—without factory-made joints. 

In all, five paper insulated lead alloy 
covered single wire armoured cables were 
supplied, as follows: for the Lochalsh-Skye 
crossing, a 0-1 sq in (64-5 mm*) 3-core oval 


H-type, 1854 yards (1695 m) long; for 
the Loch Fyne crossing, three 0-1 sq in 
(64:5 mm?*) 3-core round 
HSL type, each of 2750 


yards (2515 m); and for the 
Kyles of Bute crossing a 
similar cable, 2000 yards 
(1829 m) long. 

The overall diameter of 
the first cable was 3:96 in 
(10 cm) and its total weight 
47-62 tons; the diameter of 
the second and third cables 
was 3-73 in (9:5 cm), and 
their weights were respect- 
ively 57:58 and 41-87 tons. 

All these cables were 
manufactured in one contin- 
uous length—the first time, 
it is claimed, that submarine 
cables of 33 kV capacity have 
been made to such lengths. 

Laying operations were 
successfully completed dur- 
ing the spring of this year, 
using the MV Anno—a 
shallow-draught vessel de- 
signed originally for the 
Newburgh-Fifeshire grain 
trade and chartered by 
Siemens Edison Swan Ltd 
for this operation. 
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New Hydro-electric Scheme for Scotland 
The North of Scotland Hydro-Electric 
Board has now received confirmation of its 
proposals for a new hydro-electric scheme 
in the Strathfarrar-Kilmorack area in the 
counties of Inverness and Ross and Crom- 
arty. The scheme will cover a catchment 
area of 350 square miles (906°5 km*), and 
will involve the building of five dams and 
four generating stations to produce 261 
million units of electricity annually. Its 
estimated cost is £14} million 

The Strathfarrar scheme is an important 
part of the North of Scotland Board's pro- 
gramme, which is designed not only to meet 
the increased demand for electricity that is 
expected in the Board's area but also to pro- 
vide peak supplies of electricity to the South 
of Scotland Electricity Board, whose pro- 
gramme in turn assumes that these supplies 
will be available 

The capital cost cf the scheme per kilo- 
watt installed, based on present-day esti- 
mates, is higher than the corresponding cost 
of modern steam stations, but hydro-electric 
schemes have a much longer life. It 
parable with the capital cost per kilowatt 
installed at nuclear stations. The cost of 
generation ts estimated to be 0-75d per unit 
The scheme is designed for an average annual 
load factor of 29 per cent, which is approxi- 
mately equal to the average annual load 
factor of the North of Scotland Board's 
system and is thus most suited to their 
requiren ents New steam generating Stations 
and nuclear stations are most economica 
run at much higher load factors, and the 
cost of production at a load factor of 29 per 
cent at 


108d and at a nuclear station 1|°63d: (in 


is com- 


a modern steam station would be 
the case of a steam statio this assumes a 
continuation of present coal, labour, and 
other running costs). For these reasons the 
scheme 1s the most economical meth 
providing electricity at the load factor 
required by the Board 

4 White Paper on the scheme is available 
from HM Stationery Office, or through an 


bookseller, price Is 


Irradiation Service Offered by Metropolitan- 
\ ickers 


A ne radiation laboratory at the Metro 
Vickers Barton Works (some two 

es from the main works at Trafford Park, 
Manchester) now enables the firm to offer 
1 irradiation service to other firms and 


rganizations interested in the possibilities 
f irradiation as an industrial process 

For applications such as disinfestation 
grain; preservation of foodstuffs: steriliza- 
on of pharmaceuticals, dressings, and 
processing of plastics—including 
polymerization, cross linking, chain sciss 
and graft polymerization—irradiatior S 
ilready been shown to have likely ac 
tages, and for these and other po 
applications the laboratory service 
vide for specific investigations 
volving interested parties in the 
of their own equipment and the n 
of trained personnel. The se 
cater for a_ limited 
work. 

The new laboratory is a 
unit, of special constructior 
layout. Its main iten equipment is a 
4 MeV 
irradiation 


sutures, 


amount 


linear acce itor designed for 


technique ind provision 1S 


made for the efficient handling of a wide 
variety of products under safe conditions. 

A beam-scanner with an output window 
of pure aluminium foil is titted to the accel- 
erator. This enables the beam to scan an area 
of 12 in by ? in (305 by 19 mm) at the 
window. Greater areas can be covered 
either by adjusting the position of the 
scanner, in which case some loss of intensity 





The Jodré 
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ment of the optical telescope from its 
original invention by Galileo; Sir Isaac 
Newton’s first reflecting telescope; the work 
of William Herschel and Lord Ross, up to 
the largest modern telescopes—the 100 in 
(254 cm) and 200 in (308 cm) mirror tele- 
scopes at Mount Palomar and Mount 


Wilson in the USA. 
The still new science of radio astronomy 





! Bank radio telescope seen from the controller's room. The telescope 
left-hand rack indicate galactic longitude, 


galactic latitude, sidereal time, right ascension and declination; those on the right 


nidicale predicted azimuin, predick 
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The Inquisitive Giant * 
t telescope at Jodrell Bank 
described in THE BEAMA 
nber 1957) is the largest 
tely steerable radio telescope of its 
vorid, and the story of its con- 
onstruction is vividly told ina 
nade by Anvil Films and pro- 
ed by the Central Office of Information 
d-wide distribution on television, 
emas, and for other public showings. 
he Jodrell Bank radio telescope may 
rank as the major research instrument 
iio astronomy for a considerable time 
) come, and it represents a unique achieve- 
ent which considerably enhances Britain’s 





ued 


prestige abroad as one of the world’s main 
centres of scientific research and techno- 
ogical skill. 


The film first traces briefly the develop- 


d elevation, universal time, 


actual azimuth 


first foreshadowed by Sir Oliver Lodge, who 
suspected that radio waves were reaching 
the earth from outer space—is then shown 
from its beginnings in the work of Jasuski 
ind Grote Reber in the USA in the early 
1930s, and its rapid development after the 
war through the work of Appleton and Hay 
n Britain, Bolton and Stanley in Australia, 
Ryle and Smith in Cambridge, and Hanbury 
Brown and Hazard at the Jodrell Bank 
experimental station 

But the equipment at this station was too 
imited in its scope to explore all the sky, and 
so Professor Lovell of the University of 
Manchester, in charge of the Jodrell Bank 
experimental station, put the problem to Mr 
H. C. Husband, a Sheffield consulting engin- 
eer, and on the recommendation of the 
Royal Astronomical Society, with the back- 
ng of the British Government and the 
generous support of the Nuffield Founda- 
tion, work on the project of the world’s 
largest fully steerable radio telescope began. 

The film then shows in highly interesting 
detail all the stages of design, development, 
testing, and construction of this remarkable 
piece of engineering, with its 250 ft (76 m) 
diameter bowl which alone weighs 750 tons 
(the complete structure weighs nearly 2000 
tons), capable of being rotated in any 
direction to a very high degree of precision 
by electric motors controlled by an elec- 
tronic system which counteracts the motion 
of the earth and enables the telescope to 
follow a star automatically. 

It is believed that many of the radio 
sources which this telescope will study lie in 
Outer space at distances of perhaps 2000 
million light years. It can also be used as a 
transmitting aerial to study radio echoes 
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from man-made earth satellites. Prominent 
among the telescope’s uses will be studies of 
the sun, and the physical and meteorological 
conditions in the upper atmosphere. 

Inquiries about the film will be welcomed 
by the Central Office of Information in 
London or any of the British Information 
Services Overseas. 


* Conquest of the Atom ’—a New Film 

This film is a successor to Mirror in the Sky 
(The Story of Appleton and the lonosphere), 
which was the first of a new series of films 
called *History of Modern Science’. The 
latter came into being to supplement the 
very successful Advanced Science series of 
films which have been widely used for science 
teaching both in this country and overseas, 
and the purpose of ‘History of Modern 
Science’ was to stimulate a scientific interest 
among pupils in the middle schools who will 
provide the scientists and technologists of 
the future. 

As in the case of Mirror in the Sky, pro- 
duction of Conquest of the Atom was financed 
by Mullard Ltd and the Educational Founda- 
tion for Visual Aids, and was similarly ap- 
proved by Western European Union as an 
international co-production. Both films were 
made by Realist Film Unit. 

Conquest of the Atom tells in simple terms 
how the structure of the atom was dis- 
covered; how the atom was split by Ruther- 
ford in 1919; how his work was carried 
further by Cockcroft and Walton, who split 
the lithium atom, and by Chadwick who dis- 
covered the neutron, enabling Hahn and 
Strassman to split the uranium atom in 
1938. Diagrams show the process of nuclear 
fission and the production of energy from a 
nuclear reactor, and the film ends with a 
brief reference to nuclear fusion and Zeta. 

Distribution of the film (33 mm Eastman 
colour, running time 22 minutes) is through 
the Educational Foundation for Visual Aids, 
33 Queen Anne Street, London, W1. 


Three-dimensional Mathematical Films 
Some of the problems associated with the 
development of three-dimensional mathe- 
matical films were discussed at an open 
meeting of the Sciences Committee of the 
Scientific Film Association held recently in 
London 

The subject was introduced by Mr Trevor 
J. Fletcher, Lecturer in Mathematics, Sir 
John Cass College, London. Mr Fletcher 
said he had taken up this subject several 
years ago in order to assist his own visualiza- 
tion of many physical problems which could 
be represented by the solutions of sets of 
equations. His experience with the three- 
dimensional film had convinced him that 
this medium was not only excellent visual 
aid for classroom use but also a versatile 
research too!. The insight which these films 
provided into the depicted phenomena often 
suggested new lines of research. 

After recounting the development of this 
type of film the lecturer explained some of 
the problems encountered when attempting 
the illustration, with the aid of this medium, 
of mathematical conceptions. These pro- 
blems include such considerations as the cost 
of production, suitability for use in small 
classrooms, simplicity of manufacture, and 
the need for the producer to have had some 
considerable mathematical training. 
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The author overcame these limitations 
and restrictions by developing a system in 
which the stereoscopic pairs are made by 
projective drawing on quarto-sized paper. 
Each pair of drawings is then photographed 
side by side on 16 mm film. A single projec- 
tor using a bicel lens can then superimpose 
the two images on to a metallized screen. 
The number of drawings required is not 
normally excessive, since a relatively crude 
or rough representation is sufficient for the 
observer to grasp the nature of the solution 
to the problem. It appears that an inherent 
difficulty with this system is the need for 
great accuracy in the production of the 
drawings, as an error of 0-01 in (0-25 mm) is 
apparently perceptible. 

The lecturer explained that for educa- 
tional purposes the projector system must 
be relatively cheap and simple to use. This 
automatically ruled out the use of two 
synchronized projectors with all the advan- 
tages of the full width of 35 mm film. 

After the lecture the author showed a film 
which is believed to be the first English 
animated mathematical film in three dimen- 
sions. This film shows moving coloured 
diagrams of the lines of force when electro- 
magnetic oscillations take place in resonant 
cavities. The film is in three parts, with each 
part showing, respectively, the H101, Elll, 
and H111 modes of oscillation. The presen- 
tation of the diagrams stereoscopically on 
moving film brought out clearly features of 
the oscillation, which are difficult to grasp 
from a study of the mathematical equations 
alone. The production of the film, made 
possible by grants from the Nuffield Founda- 
tion, required lengthy computational work 
in addition to the actual preparation of the 
diagrams 

Mr Fletcher is to be congratulated on the 
successful development of a most interesting 
visual aid and research tool. There is reason 
to suppose that this type of film will also 
help non-specialists to appreciate and pos- 
sibly understand many involved problems 
which would otherwise be incomprehensible. 


‘Electronic Applications Bulletin’ 
Philips quarterly Electronic Applications 
Bulletin contains articles dealing with the 
practical application of electronics in numer- 
ous fields. The April issue is of particular 
interest to process control and industrial heat- 
ing engineers, since it contains two articles 
on RF heatingand one paper on automation. 

Of the first two, one article deals with the 
intermittent use of oscillator tubes in RF 
heating generators and shows that advan- 
tage can be taken of the intermittent opera- 
tion of the oscillator to exceed the normal 
valve ratings; practical examples and curves 
are used to demonstrate this. The other 
article is a description, with calculations and 
diagrams, of an experimental 10 kc s 10 kW 
industrial heating generator equipped with 
hydrogen thyratrons. The method is based 
on the use of hydrogen thyratrons acting as 
an electronic switch whereby the charge 
stored in a capacitor is suddenly transferred 
to a resonant circuit so as to produce a train 
of damped oscillations. The control circuit 
can be arranged so that repetition frequency 
varies with the load, and it is thus possible 
to reduce the output very greatly when the 
load is removed without affecting the opera- 
ting conditions of the thyratroas. 

‘The Contribution of Electronics to Auto- 


mation’ is the title of an article based on a 
lecture given at the International Congress 
on Automation which was held in Paris in 
1956. The paper discusses automation in its 
widest sense, the essential characteristics of 
electronic methods of automation, the relia- 
bility, maintenance and design of automa- 
tion equipment, and the disadvantages and 
advantages of using electronic equipment 
for industrial purposes. 


Valves for RF Heating 

The English Electric Valve Company Ltd 
have developed a range of valves specially 
designed to withstand the stringent condi- 
tions associated with radio frequency heat- 
ing. The large valve group, which have ex- 
ternal copper anodes for forced air or water 
cooling, are for use in heaters of 4 kW and 
over; the small group provides for applica- 
tions such as dielectric heating for plastic 
welding or preheating in RF generators 
developing up to 1-2 kW. 

Very complete information on this series 
of power triodes and tetrodes, and mercury 
and xenon rectifiers, is given in a loose-leaf 
publication issued by the company and en- 
titled “Valves for RF Heating’. This gives 
for each valve technical data and informa- 
tion on cooling and operating conditions, 
with curves which include anode, control 
grid, constant current and air cooling char- 
acteristics. A novel transparent calculator 
is also provided by which operating condi- 
tions for any particular valve can be quickly 
worked out by using it in conjunction with 
the constant current curves, and to facilitate 
its use still further, a number of design sheets 
is also included. 

Another interesting folder by the same 
company gives brief details of magnetrons 
and includes information on frequency 
range, Output power, cooling and working 
conditions. Both these publications can be 
obtained free from the English Electric 
Valve Co Ltd, Chelmsford, Essex. 


Recent Trade and Technical Literature 

The Cambridge Instrument Company’s 
new literature includes the following. List 
144 B 1—Gas Analysers—covering panels 
for direct and differential analysis and 
accessories for panel mounting. List 149/1— 
Recording Accelerometers designed for the 
measurement of acceleration, deceleration, 
and vibration in a wide range of applications 
are described in this leaflet. A complete list 
of Cambridge Electrical Instruments with 
abridged specifications is given in leaflet 
163/1. The Cambridge Instrument Co Ltd, 13 
Grosvenor Place, London, SW1, 


Crompton Parkinson’s new range of 
series T fractional horse-power motors is 
described in a recent leaflet. Frame sizes and 
dimensions are tabulated and there are 
examples of typical performance. Issued by 
Crompton Parkinson Ltd, Crompton House, 
Aldwych, London, WC2. 


A new brochure of Ferranti panel instru- 
ments gives details of the range of round 
and rectangular instruments covering mov- 
ing coil, rectifier, thermocouple, moving iron 
and electrostatic types. Ferranti Ltd, Hollin- 
wood, Lancs. 
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The BBC’s Crystal Palace Television Tower 


FoR more than eighty years the 
Crystal Palace stood as a symbol 
of mid- Victorian England. Built 
originally for the Great Exhibition of 
1851, it was later moved from Hyde 
Park and, considerably enlarged, re- 
erected on the highest ridge of the 
Sydenham Hills. In November 1936 
the Palace was totally destroyed by 
fire, and only rubble and twisted 
metal remained as a memory of its 
former glory. 

After the war, the BBC recom- 
menced its television broadcasts from 
the pre-war site at Alexandra Palace 
in the north of London. However, the 
height of the aerials—600 feet (183 m) 

was insufficient to provide the full 
coverage which the BBC required for 
London and the Home Counties. A 
new and higher tower was needed, 
capable of supporting aerials at about 
1000 feet (305 m) above sea 


BBC 


eventually decided on the old Crystal Palace grounds 


level. engineers 

As a result of competitive tenders, the BBC placed a 
contract with British Insulated Callender’s Construction 
Company to develop the design, fabricate and erect a 
tower to the BBC’s detailed specification of requirements 

While the design was being worked out in detail, aero- 
dynamic stability tests were carried out on model sections 
of the tower by Imperial College and by the National 
Physical Laboratory. These sections, comprising the 
aerial-bearing structures of the tower built accurately to 
scale, were extensively tested in a wind tunnei, allowing 
observations to be made of their behaviour under all 
wind conditions. 

Each of the four legs of the tower was to stand on a 
concrete pad, supported by six vertical and three raking 
concrete piles. Because of the proximity of the under- 
ground transmitter building, these piles had to be driven 
with the minimum of vibration, and therefore only the 

utside casing of the piles was driven into the ground. 
This meant that, when the hollow shell thus formed was 
filled with steel-reinforced concrete, an unstressed solid 
core resulted, giving the pile a greatly improved load- 
bearing ability. 

\ reinforced concrete pile-cap, 14 feet (4-27 m) square 


and 4 feet (122 cm) thick, was fitted over each group of 


piles. Inside each cap a steel grillage, fitted with heavy- 
gauge bolts to hold the leg base-plates in position, was 
concreted accurately into place. 

Steelwork for the tower was fabricated at the Hereford 
factory of Painter Brothers Ltd—a member of the BICC 
Group. Special high grade steel—450 tons of it—was 
used in its construction. 

On site, the foundations—including a number of con- 
crete temporary guy anchorages—having been com- 
pleted, the next stage was the erection of a derrick, 230 
feet (70 m) high, in the centre of the tower base. This 








derrick was built of 20-foot (6°1-m) 
sections, hauled into position by 
means of two derrick poles attached 
temporarily to the top and moved 
higher as the derrick grew. A smaller 
derrick, 125 feet (38 m) in height, was 
built in the same way and was used in 
conjunction with the larger one for 
the initial stages of the work. 

With the derrick erected, the con- 
struction of the tower began. The 
heavy steel base-plates were fitted into 
position over bolts projecting from 
the concrete pile-caps. On these base- 
plates and their concrete foundations, 
spaced at the four corners of a 120- 
foot (36-6-m) square, the whole weight 
of the tower rests. Next to be fixed 
into position were the main leg mem- 
bers of the first panel. Cruciform in 
section—so as to make the best 
possible use of standard angle sections 

these were the heaviest components of the tower. When 
these were in place, the bracing members and span sec- 
tions were partly assembled on the ground and hoisted into 
position, using the 125-foot (38-m) derrick. Temporary 
Steel wire stays attached to concrete anchorages served to 
support the heavy steel corner members of each panel until 
the bracing connexions between them were completed. 

Up to the 444-foot (135-m) level, the tower is similar in 
shape to the Eiffel Tower, and cruciform section steel 
girders are used for the main leg members. Above that 
height, the parallel sections carrying the aerial arrays have 
solid rod-section leg members. 

\t 429 feet (131 m), the leg members bend inwards, 
narrowing the tower to 9 feet 6 inches (2-9 m) square at 
444 feet (135 m). The total height is 708 feet (216 m). An 
unusual feature of the construction of the tower was the 
large loads hoisted to great heights. Normally, the higher 
the lift, the smaller are the loads handled, but in this case 
loads of three tons were handled up to a height of 500 feet 
(152 m), and later a load of two tons was carried right 
to the top 

A permanent hoist, to convey the BBC’s maintenance 
engineers to a platform just below the 400-foot (122-m) 
level, was constructed inside one of the legs of the tower. 
An unusual feature of this hoist is that, while the guide 
rails follow the line of the tower, the passenger cage 
remains vertical. 

The upper part of the tower is designed to carry four 
sets of aerials. The lower 72 feet (22 m) of it support the 
Band I aerials. Above these is space for two sets of 
Band III aerials, and right at the top of the tower is a 
40-foot (12-m) high helical Band V aerial for experi- 
mental UHF broadcasts. Provision is also made for the 
installation of parabolic aerials to receive outside broad- 
cast transmissions. 

Shortly after the completion of the tower, scientists 
of the National Physical Laboratory carried out a series 
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of tests designed to confirm calculations of its aero- 
dynamic stability. Twelve rockets, each giving a thrust 
of half a ton, were affixed to the tower and fired at 


intervals timed to coincide with the natural frequency of 


the structure. Remotely recording instruments attached 
to the tower gave measurements of tower movements, 
and from these an assessment of the ability of the tower 
to absorb energy from vibration, due principally to fric- 
tion in bolted joints, could be made. 


From the top of the tower, which is the highest unstayed 
structure in Great Britain, one can see to Hampstead in 
the north, the North Downs in the south, to Windsor in 
the west, and eastwards to Gravesend. This wide visual 
horizon, together with one of the most powerful television 
transmitters in the country—200 kW effective radiated 
power—enables the station to give television cover- 
age to 15 million viewers in London and the Home 
Counties. 


Quality —Its Creation and Control 


AT a press reception at the Institution of Production 
Engineers, the Earl of Halsbury,FRIC, F Inst P, MI ProdE, 
introduced a report—— Quality, its creation and control’ 

which is the result of two years’ work by a sub-com- 
mittee set up by the Institution 

‘Ever since the battle of Agincourt, possibly earlier. . . 
the British have got results by relying on quality rather 
than quantity’ Lord Halsbury said in his introductory 
remarks, pointing out that Britain relied on the high 
quality of its goods to achieve a good export market. He 
reminded us that in the nineteenth century Britain became 
the workshop of the world, and in the rush for mass 
production the virtues of individual craftsmanship were 
largely forgotten. It was now time to re-create in to-day’s 
workmen the pride of workmanship of the eighteenth 
century, and Lord Halsbury believed that by doing this we 
should produce for the export market a better grade of 
product very economically and at the same time our 
workmen would become a happier class of people. 

The recommendations of this 45-page report are based 
on replacing the inspection department of a factory by a 
quality department which would have a preventive rather 
than a curative effect on production. The responsibility for 
the quality of a product must rest with the production side 
of the workshop and not with the inspection. This should 
produce better goods with less scrap. 

One of the most important sections of the report deals 
with ‘Operator Control’. The operator of any particular 
machine should be made responsible for the quality of the 
goods he is producing and should be encouraged to look 
for quality as well as quantity in production. On the shop 
floor, operator control may be applied in several ways 
including: (1) the introduction of instruments on the 
machines which show the size of dimensions as they are 
being produced, so enabling the operator to control the 
exact size of the work in progress; (2) the introduction of 
inspection equipment adjacent to automatic and semi- 
automatic machines for checking dimensions immediately 
after production while the machine produces the following 
pieces, so that checking is carried out within the machine 
cycle time. With operator control, where every production 
operator is his own inspector, a more realistic balance of 
costing between production and inspector will be possible. 
The training of operators is of prime importance, and this 
task should be shared by the production and quality 
departments’ personnel. 
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The report points out that in order to produce a suc- 
cessful approach to the creation of the quality depart- 
ments, positive action must come from director and top 
management level. Replying to a question, Mr S. W. 
Nixon (The Rover Co Ltd) said that training of quality 
engineers would vary from firm to firm, at least until 
quality engineering had become established; but he could 
envisage the time when technical colleges would run 
degree courses in quality engineering. 

The quality department must be given the status neces- 
sary to carry out its new broad functions as a contribution 
to the execution of management policy, and it must there- 
fore be an equal partner with the other major departments 
of the organization. It should be equipped to advise the 
drawing office where production design is incompatible 
with the quality required and should be able to supply 
information to production and design management at all 
stages during the production of a product and should also 
be able to advise them on the capacity of machines on the 
shop floor. Too often the cost of a product is raised when 
design asks for tolerances of 0-001 in (0-025 mm) to be 
produced on machines capable of only 0-003 in (0-075 
mm). The scrap resulting at the inspection stage may raise 
costs to a very large extent. 

The report concludes that successful achievement in the 
field of quality demands and depends upon promptaction. 
One of the principal functions of the modern quality de- 
partment is to furnish authentic information, and unless 
advantage is taken of this to generate immediate corrective 
action where the need for it is indicated, a major oppor- 
tunity to achieve improvement would be lost. The manage- 
ment should exhibit constant interest in the achievement 
of quality in order to stimulate the corresponding interest 
at all levels in the organization. 

The sub-committee responsible for this interesting and 
provocative report are Mr R. K. Grunau (Rolls-Royce 
Limited), Chairman; Mr S. W. Nixon (The Rover 
Company Limited), Vice-Chairman; Mr H. R. Daddow 
(Simms Motor Units Limited), Mr W. H. Hitchman (Paul 
Escare Limited), Mr C. H. Johnson (Hoover Limited), 
Mr I. R. Smith (Bristol Aircraft Limited), Mr E. Summer- 
scales (Joseph Lucas Limited), Mr G. W. Turner (Hoover 
Limited). 

The report is available from the Institution of Produc- 
tion Engineers, 10 Chesterfield Street, London, W1, 
price 10s. 











‘Open Days’ at the NPL 


ing groups working respectively on automatic controls, 
and the design and development of automatic digital 
computers. CME’s main purposes are to initiate and im- 
prove automatic controls for experimental, industrial, and 
administrative operations, and to evolve techniques and 
equipment for data processing and computation. 


THE annual “Open Days’ at the National Physical 


Laboratory are widely welcomed by the large number of 


visitors who take advantage of this opportunity of seeing 
a representative display of the great variety of important 
work carried out at the Laboratory. 


Recently, there has been a reorganization of several of 


the divisions; the work formerly undertaken by the Elec- 
tricity, Metrology and Physics Divisions has been redis- 
tributed among three new Divisions: Standards, Applied 
Physics, and Basic Physics, with the object of making it 
easier to introduce new basic researches and to concen- 
trate the work on fundamental standards. 


The Caesium Resonator 


Among the latter are standards of measurements, of 


which those of length and mass, time-interval and fre- 
quency, electromagnetic quantities, and temperature are 
basic. The Standards Division is responsible for the 
caesium resonator—the so-called ‘atomic clock *—which 
is accurate to one part in 10!8. Set up some two years ago, 
this is giving good service as a primary reference standard 
of frequency. It is interesting to note that in a recently 
completed comparison, in conjunction with Harvard Uni- 
versity, between the NPL caesium standard and a similar 
American standard, the difference was less than one part 
in 10%. A new and improved caesiun 
being built, and a transportable model has just been con 
structed which promises to provide a basic laboratory 
standard. 

The important standard of the velocity of propagation 


resonator is now 


of electromagnetic waves as determined by the 72 Ges 
(4 mm wave) four-horn interferometer has been evaluated 
as C,, = 299,792-50 sd 0:10 km s. The basic length standard 


was the red line of the cadmium spectrum. The Division is 
also developing a new absolute method of determining *g 

the acceleration due to gravity 

Considerable work has been done on basic electrica 
standards, and new determinations of inductance, resist- 
ance, and current are in hand. In the High Voltage sec 
tion, the modifications to the 500 kV absolute voltmeter 
have been completed, and equipment is being constructed 
to enable errors of voltage transformers to be measured 
to an accuracy of one part in 104 


New Test Transformers 
The new | million V test transformer 


1 } 


equipment are now installed and ha 


ind its ancillary 


ssed acceptance 


tests. A compressed gas capacitor of | MV working volt- 
age is due for immediate delivery d the equipment for 
al MV dc supply in conjun h the new test trans- 
former has been successfully operated 

The Control Mechanisms and Electronics Division 


(CME) was founded in 1954 by amalgamating two exist- 


Fastest Magnetic Drum 

The first digital computer—the ACE pilot model—was 
completed in 1951, and the new full-scale ACE is now 
nearing completion. It will have mercury delay lines and 
magnetic drums for the storage of numerical data and 
instruction sequences, and both punched card and mag- 
netic tape equipment for input and output. A prototype 
magnetic drum has been successfully operated and has 
proved to be one of the fastest drums in existence; accu- 
rately synchronized to the computer, it runs at 12,000 rpm 
and information is recorded on its surface at 100,000 
digits per second 

A small group is studying the application of digital 
computers to business operations—work which should 
lead to the discovery of new data-handling techniques and 
the development of special equipment. Other groups are 
engaged in the development of automatic and semi- 
automatic equipment for the reduction of experimental 
data, and in the study of automatic control and servo- 
techniques for use in the industrial field. 

Although much of the work of the Aerodynamics 
Division consists of long-term research in connexion with 
aeronautics and aircraft design, an increasing amount of 
investigation is now undertaken on problems of tndus- 
trial aerodynamics. This work is divided broadly into 
wind effects on structures, and the dispersal of smoke 
from chimneys and funnels. Under the first heading, pro- 
ects included the BBC’s television tower at Crystal 
Palace,* and the proposed suspension bridge for the road 
crossing of the River Forth. Tests such as these call for 
highly accurate scale models demanding an impressive 
standard of craftsmanship. 


Hypersonic Wind Tunnels 

With the continually increasing speeds of aircraft and 
the development of guided missiles, new wind tunnels 
have become necessary. Hypersonic flight introduces a 
number of new physical problems resulting from the ex- 
tremely high temperatures produced, and experiments at 
hypersonic speeds are difficult because the accelerated air 
cools and may liquefy. Plans are therefore in hand to build 
one wind tunnel using pre-heated air to about 800 deg C 
which will give a Mach number of 10, and another using 
unheated helium (which liquefies at a much lower tem- 
perature than air) to give Mach numbers up to 20. 


* See page 132 of this issue. 
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Book Reviews 





Programs for an Electronic Digital Computer. 
2nd Edition. By M. V. Wilkes, D. J. Wheeler. 
and §S. Gill. 94 «6} in (235 «159 mm). 
Pp. xiv~ 238. Illustrated. Index. (Massa- 
chusetts: Addison-Wesley, 1957.) Price 60s 
net. 


The advent of digital computers has brought 
a spectacular increase in the number of com- 
plicated engineering and mathematical 
problems amenable to numerical solution. 
Problems that were thought to be intract- 
able until quite recently are now being 
solved as a matter of routine. The subject of 
programming, or of presenting a problem to 
a machine in a form that the machine can 
understand and solve, is an all-important 
one, and has not received adequate atten- 
tion to date. In presenting a second edition 
of this well-established book, the authors 
have successfully taken the opportunity of 
thoroughly revising the earlier edition in the 
light of their subsequent experience on other 
digital machines. With a field as rapidly 
developing as that of digital computers, it is 
not surprising that little of the original 
material has been taken over unchanged. 

The basic digital computer used as a model 
for programming purposes is the EDSAC 
(Electronic Delay Storage Automatic Com- 
puter), located at Cambridge. The EDSAC 
is a single-address binary machine, whose 
order code lends itself fairly well to the 
purposes of a book on programming, being 
straightforward and fairly easily memorized. 
As the methods described can be readily 
translated into order codes for other 
machines, the scope of the book is obviously 
not limited to cover the EDSAC machine 
alone. In fact, a sound introduction to pro- 
gramming is given for any machine of the 
stored-programme type. 

The basic parts of the EDSAC are de- 
scribed in Chapter 1, which cumulatively 
introduces the majority of the order code, 
including jump orders, pseudo-orders, and 
modification. The design of sub-routines and 
the use of private and library sub-routines 
are discussed in Chapter 2, which also con- 
tains a description of further parts of the 
order code, including overflow indication. 
An introduction to programming for digital 
machines other than EDSAC is given in 
Chapter 3, which contains an outline of 
minimum-access coding as used in conjunc- 
tion with machines fitted with magnetic 
drums as their main stores. Input and out- 
put are the subject of Chapter 4, which 
includes details of the use of punched tape 
and punched cards. A few of the more fre- 
quently used sub-routines are discussed in 
Chapter 5, which contains useful sections 
on the solution of ordinary differential equa- 
tions and the use of Chebyshev polynomials 
for the economization of power series. 
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Methods for the location of errors in pro- 
grammes are given in Chapter 6, while 
Chapter 7 gives five examples of complete 
programmes for EDSAC; one of these ex- 
amples is particularly interesting, namely 
the calculation of a double-entry table for an 
integral containing two independent para- 
meters. Automatic programming is the sub- 
ject of Chapter 8, which covers programme 
assembly, a comparison of conversion and 
interpretive schemes, and a discussion on 
the acceptance by digital computers of 
formulae written in ordinary mathematical 
notation. Finally there are two large sections 
devoted respectively to specifications of the 
EDSAC library sub-routines and to detailed 
programmes of selected EDSAC library sub- 
routines. 

Programming can only be learned by 
practice, and the authors have included 
specimen solutions of examples for the 
reader. This is a valuable feature that was 
not included in the previous edition, and is 
welcome. It is very convenient to have the 
library sub-routines available, and with their 
use, the reader will be in a position to tackle 
quite complicated problems. 

It is interesting to Observe that the authors 
do not like minimum-access coding, but are 
prepared to tolerate it so long as it enables 
relatively cheap machines, fitted with mag- 
netic drum stores, to compete in speed with 
more expensive machines using random- 
access stores. Personally I agree whole- 
heartedly with this statement, but it is 
certainly a controversial issue. On the sub- 
ject of autocoding, however, it is my view 
that the authors have underestimated the 
potential use of this important technique. 
While it is true that numerical analysis ts 
necessary for all programming, and that an 
autocode programme is slower than a 
detailed programme, it is also true that 
many engineering problems are of a ‘one- 
off’ type, where solutions are not wanted 
for an extensive range of the parameters 
involved. In such cases it may be the pro- 
gramming time, and not the machine time, 
that is the basic cost item. An autocode pro- 
gramme may then be preferable to a detailed 
programme as it is distinctly shorter to write, 
and at the same time it can be error-free at 
the first attempt. Furthermore, the whole of 
the autocoding process can be grasped in a 
matter of hours without any prior knowledge 
of the machine in question. 

To sum up, this is a first-rate book on pro- 
gramming for any computer of the stored- 
programme type, and gains in stature by not 
avoiding controversial issues. The printing 
could be a little firmer, but the presentation 
is excellent. I can thoroughly recommend 
the purchase of this book to anyone in- 
terested in the subject. 

H. GOLDENBERG 


Symposia Series on Networks and Circuits. 
Microwave Research Institute: Polytechnic 
Institute of Brooklyn. 8} «6 in (222 « 152 
mm). (New York and London: Interscience 
Publishers, 1958.) Price 40s net. 


Over the period covered by the dates April 
1952 to April 1956 the Microwave Research 
Institute of the Polytechnic Institute of 
Brooklyn, with the cooperation of other 
US professional and Government organiza- 


tions, has held six symposia on matters 
connected with network synthesis and 
analysis, information networks, and micro- 
wave techniques, in the field principally of 
communication engineering, and the six 
books under review have been published as 
the Proceedings of the meetings. Each 
volume contains the full text of all the 
papers presented at the symposium to 
which it relates. 

The papers themselves are too numerous 
to record individually in this review so that 
we will simply refer to the separate volumes 
by title and indicate briefly their scope. 

Vol I is on Modern Network Synthesis 
within the audio to microwave field. It 
contains 20 papers which, individually, dis- 
cuss such topics as topologic and algebraic 
considerations, function theory, driving- 
point impedances, four-poles, two-ter- 
minal-pair and n-terminal pair networks, 
electrolytic tank techniques, conformal 
mapping, electromagnetic field problems, 
equivalent networks, scattering matrix for- 
mulation, and several others relating to 
amplifiers, waveguides, and filters. 

Vol II is concerned with Nonlinear 
Circuit Analysis and it contains 2] papers. 
Some of the more noteworthy are on 
mathematical methods in nonlinear vibra- 
tion, the stability theory of difference- 
differential equations, acceleration plane 
method for nonlinear oscillations, amplitude 
stability of a power oscillator, synthesis 
of nonlinear systems, steady state vibrations 
in systems having arbitrary restoring and 
damping forces, the magnetic amplifier as 
a nonlinear circuit element, numerical 
analysis by the number series transformation 
method, and the analysis of nonlinear control 
systems with random inputs. 

Vol III is on Information Networks and 
it contains 21 papers. Of these, special men- 
tion may be made of those on general filters 
for separation of signal and noise, trans- 
mission line characteristics and effects on 
pulse transmission, the arithmetical speci- 
fication of messages and the determination 
of corrective networks, generalized con- 
cepts of networks, structure in communica- 
tion nets, electrical responses from the 
auditory nervous system, logical approach 
to the design of computer circuits, topology 
applied to switching circuits, information 
conservation and sequence transducers, and 
design of digital coding networks. 

Vol IV deals with Modern Advances in 
Microwave Techniques and contains 23 
papers. In this, Professor Weber’s Historical 
Notes on Microwaves provides a most 
valuable record of what has been done 
so far (November 1954) in this connexion. 
Other Outstanding papers are concerned 
with recent advances in microwave tubes, 
new advances in guided propagation, space 
charge effects in travelling wave tubes, low- 
noise electron beams, gyrator networks, 
directional coupling in reciprocal systems, 
network methods in microwave measure- 
ments, the guiding and radiation of surface 
waves, analysis of coaxial line with a helical 
dielectric support, and artificial dielectrics 
for microwaves. There are also papers deal- 
ing with klystrons, magnetrons, millimetre 
tubes, ferrite devices, and waveguides. 

Vol V is a second contribution to Modern 
Network Synthesis, containing 25 papers of 
which the following call for special mention. 
There are three papers on the synthesis of 
Passive, nonreciprocal, and active networks 
respectively, and two others relating to 








networks containing two kinds of elements 
and to conference networks. There are also 
two papers On impedance synthesis. Inter- 
esting applications of matrix theory are 
contained in papers on pseudo-scattering 
matrices, algebraic and topological founda- 
tions of network synthesis, duality and 
contact-transformations, reciprocal passive 
two-ports, and transmission through 4N 
poles. Others deal with time domain syn- 
thesis, time domain filters, sampled signals, 
the Laurent Schwartz distribution theory, 
Chebyshev rational functions, network 
response at imaginary frequencies, theorems 
for transistor amplifiers, synthesis of active 
filters, transistor amplifier neutralization, 
and feedback systems with time delay. 

Vol VI is a second contribution to 
Nonlinear Circuit Analysis and contains 
25 papers. Among these may be men- 
tioned in particular the following: nonlinear 
oscillations, subharmonic response of ferro- 
resonant circuits, half-wave magnetic ampli- 
fier circuits, three frequency resonance, 
equivalent linearization of control systems, 
digital computers in feedback system syn- 
thesis, sampled-data control systems, piece- 
wise-linear analysis and synthesis, nonlinear 
resistive 3-poles, and complex convolution 
ipplied to nonlinear problems 

The omission of references to other papers 
n the foregoing is no reflexion on their 
juality, for they are all of a very high order 
yf excellence. It would need much mere 


» th . le I} > 
ce i S$ available to do full justice to 


he papers have considerable 
content and, according to the 
tudy, use is made of the 
ork differential equations, 
s iatrices, function theory, 
ethods, topology theory, 
heory, network theorems, com- 
ebra, conformal mapping, and 
id transient network equations. 
imes bring right into the fore- 
ly the considerable value of 
red symposia of expert collabo- 
but also of the publication of the 
book form. This is a practice 
should become more widespread and 
xe that the widest publicity will be 
this excellent work of the Micro- 

e Research Institute. 


The books are lithoprinted on good 


ty paper and they are pleasingly free of 


he indifferent quality of both preparation 
d reproduction that sometimes accom- 

yanies such works. 
S. AUSTEN STIGANT 


Linear Algebra for Undergraduates. By D 
Murdoch. 94 * 6 in (235 « 152 mm). Pp x 
239. Illustrated. Index. (New York 
Wiley; London: Chapman & Hall, \957 
Price 44s net. 


The contents of this book are inte 
provide an undergraduate with a: 
tary, concrete, and rigorous course 


algebra. It introduces the reader j 

conceptions about the way transfor Ns 
and manipulations of linear s f equa- 
tions may be performed. Ait! 200k 
is purely mathematical and does not deal 


with any application of the principles in 
technology, the standard of mathematical 
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knowledge required of the reader is only 
that of any first-year student in any faculty 
of science or technology. 

The book has been written to provide 
students of science and engineering, in par- 
ticular, with some knowledge of linear 
algebra, matrices and quadratic forms, as 
well as providing a background study for 
more advanced courses. The actual scope of 
the book covers a wide range of topics, such 
as vectors and vector space, matrix algebra, 
transformation of coordinates in a vector 
space, reduction of quadratic forms, and 
vector space over the complex field. 

The text is illustrated by 22 line diagrams, 
and there are 302 well-chosen exercises, with 
answers, to enable the reader to gain experi- 
ence in manipulating the linear analysis 
involved in solving purely mathematical 
problems 

The format, printing, and binding are 
attractive features of this new book, which 
has a well-written text. It is thoroughly 
recommended as an excellent introduction 
to a most important subject 


P. F.S 
A History of Mathematics. By J. F. Scort 
10 «7 in (254 «178 mm). Pp x + 266. Illus- 
trated. Index. (London: Tavlor & Francis, 


1958.) Price 63s net 


This book is an eminently readable account 
of the developments of the main ideas in 
mathematics that have taken place from 
antiquity to the early nineteenth century 
and it well brings out the preponderating 
| 


importance of the work done in the later 


phases of mathematical history. Indeed, 

but a few centuries have elapsed since 
man first learned to handle such powerful 
computational aids as decimals and logar- 


ithms, to say nothing of the calculus, or 





geometrical methods’. To-day, there is in 
mathematics, as in many other branches 
of science, a high Gegree of specialization 
resulting from the rapid discoveries that 
h ive hee m ide ] ining ne aS undred or 
sO years, and it 1s tensely interesting to 
read of how these ha « up from 


Babylonian and 


Egyptian ¢ ) 

The book pen W i brief account of 
nathematic guity (from roughly 
$000 ) of Sumerians, the Egyptians, 
ind the B ins, and proceeds to a 

v of the beg ngs of Greek mathe- 
s ) re sixth century BC, 


hed the School of Pyth- 
Academy, and the 


Diet sd th 


s I ’ a tne 
Schoo Alexandria: the invention of 
from about the second cen- 


e decline of Alexandrian science 
he death of Ptolemy in the second 

iry AD; the dark ages which set in about 
e fifth century and the revival in the 


seventh; and mathematics in the Orient 
ymmencing in the sixth century. There 
hen follows an account of mathematics 
juring the Renaissance (from the beginning 


yf the fifteenth century) from Regiomon- 
tanus (1436-76) to Descartes (1596-1650): 
the seventeenth century and new methods in 
geometry; and the rise of mechanics begin- 
ning towards the end of the sixteenth 
century 

A survey is next given of the invention of 





decimal fractions (initiated towards the end 
of the sixteenth century), logarithms (seven- 
teenth century), and the calculus (seven- 
teenth century), followed by a chapter on 
Newton's discovery of the binomial theorem 
in the seventeenth century and the prepara- 
tion of the Principia Philosophiae published 
in 1687, and one on the development of 
analytical methods commencing with the 
eighteenth century. The next chapter covers 
the period from Euler (1707-83) to Lagrange 
(1736-1813), and the remaining two discuss 
respectively the beginnings of modern geo- 
metry (from the second half of the eighteenth 
century), and arithmetic, the Queen of 
Mathematics 

Appendices give brief biographical notes 
on the mathematicians and other scientists 
named in the text and also mathematical 
notes on some of the topics referred to in the 
last four chapters of the book 

As we move over the centuries in this 
book, the text is enlivened by interludes on a 
variety of facets of the civilizations of the 
periods and the parts they have played in 
the mathematical inventions and develop- 
ments of their time, these taking the place 
here of the more personal records of the 
foibles of the actors on the mathematical 
stages of the world such as have been given 
in other mathematical histories 

We cannot be other than intensely grate- 
ful to Dr Scott for having made available 
this absorbing record of researches which 
must have entatled a tremendous amount of 
hard work, clearly backed by high scholar- 
ship and turned by enthusiasm into a labour 
»f love 

The printers and publishers are to be 
congratulated upon having produced such 
in attractive volume, an aesthetic apprecia- 
ion of which is so much enhanced by the 
wide margins of its pages. We feel sure the 
book will be received with delight by all 
those interested in mathematical histories 

S. AUSTEN STIGANT 


Switchgear Principles. By P. H. G. Crane. 
84 «54 in (216*140 mm). Pp vii+ 238. 
IIlustrated. Index. (London: Cleaver Hume 
Press, 1957.) Price 25s net. 


The best recommendation for any book on 
switchgear is surely that its author should 
have some connexion with the Electrical 
Research Association, for that body has 
carried out vital work on switchgear re- 
search and its contribution in this field of 
engineering is unrivalled. 

The author, who has been associated with 
the ERA for many years, has produced a 
brief but admirable general handbook on 
circuit-breaking, and has had regard to the 
problems encountered in recent years in 
the design, manufacture, and testing of the 
extra high voltage switchgear, such as that 
for 275 kV, now being required in increasing 
quantities. 

It might well be assumed that any electrical 
engineer with a sound training, and even a 
moderate range of experience, would be 
aware of the basic principles of short- 
circuit calculation and of the elements of 
protective gear; but with the large and 
complex switchgear installations, including 
air-blast gear with stacks of interrupters in 
series, it is not reasonable to expect that 
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more than a few engineers will have en- 
countered tne particular problems they 
present. Here, this book will be found to be 
especially useful. The interpretation, for 
example, of tests made on circuit-breakers 
so large that they cannot be tested as a 
whole, but must be given separate current 
and voltage tests on their constituent units, 
is a subject on which the newer generation 
of engineers joining the manufacturers and 
the supply authorities’ organizations will no 
doubt need every possible guidance. This is 
supplied by Mr Crane. 

He gives a number of references in an 
appendix, and practically the only critical 
Suggestion we venture to offer him is that 
he has taken no account of the many papers 
presented to CIGRE on switchgear develop- 
ment. His guide to further reading is, in any 
case, a little meagre. 

The book deals first with basic principles, 
including the theory of the are discharge, 
and then touches on oil circuit-breakers of 
all kinds, and air circuit-breakers, both low 
voltage and high voltage, with some useful 
chapters on ancillary equipment, such as 
current and voltage transformers, and the 
accommodation of switchgear, concluding 
with a section on tests and specifications. 

J. H. M.S. 


Generation, Transmission and Utilization of 
Electrical Power. 41) edition. By A. T. Starr. 
83-54 in (222» 140 mm). Pp xi~ 529. 
Iilustrated. Index. (London: Sir lsaac Pitman 
& Sons, 1957.) Price 27s 6d net. 


The main revision to the fourth edition is 
in the rearrangement of Chapter 1, which 
now includes an outline of the Calder Hall 
nuclear power station and an additional 
appendix which gives a short technical 
explanation of the principles of utilizing 
nuclear energy for the generation of elec- 
tricity. With the exception of these important 
additions, very little of the original text has 
been revised; also many of the photographs 
of power stations (Battersea, for example) 
and equipment are the same as were used in 
previous editions. Although the examples 
set in each chapter have been carefully 
selected as being of the most practical value 
to the reader, a number of questions has 
been taken from examination papers of the 
early thirties which may not now represent 
the present standard needed for these 
qualifications. These criticisms do not in 
any way lessen the value of the book to the 
student and practical engineer; in fact, the 
text covers very clearly a considerably wide 
field for a volume of its size, and the treat- 
ment of each chapter is such that the reader 
should find no difficulty in understanding 
even the most difficult subject. 

Generation of electricity by nuclear, 
steam, and water power is the subject of 
Chapter 1; there are discussions on the 
choice of site, operational costs, and tech- 
nical details of power plant. Several chapters 
are devoted to transmission and distribu- 
tion, covering design, switchgear, voltage 
regulation, short-circuits, and many other 
associated problems. Illumination, electric 
traction, and industrial utilization are 
covered in successive chapters, and heating, 
welding, and electrochemical processes by 
an appendix. The other appendices contain 
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résumés of the theory of alternating current, 
transformers, and Thevenin’s theorem, and 
a brief summary on metering and converting 
plant. While the publishers have succeeded 
in keeping the price at a reasonable figure, 
the author has managed to produce one of 
the few technical books which does really 
do the job of covering the Engineering 
Degrees Syllabus on Electric Power. 


Introduction to the Geometry of Complex 
Numbers. By Roland Deaux. 94 «64 in 
(241 « 159 mm). Pp 208. Illustrated. Index. 
(London: Constable, 1958.) Price 37s 6d 
net. 


This book is the outcome of lectures given 
since 1930 to students taking electro- 
mechanics at the Faculté polytechnique de 
Mons and ‘it is addressed to beginners . . . 
who have not considered the use of 
complex numbers for establishing geo- 
metric properties of plane figures’. It has 
three chapters which, respectively, deal with 
geometric representation of complex 
numbers, elements of analytic geometry in 
complex numbers, and circular transforma- 
tions, and each contains a number of 
separate but associated ‘articles’ related to 
the main subject. 

From the fundamental operations and 
transformations of complex numbers in 
geometry in Chapter |, the book proceeds 
to discuss the straight line, circle, ellipse, 
cycloidal and unicursal curves, and conics 
in Chapter 2, and homography, the simili- 
tude group, and antigraphy in Chapter 3. 
Exercises to be worked out are given 
throughout the book. The text is clearly 
written and it is arranged in good sequence. 
For those electrical engineering students 
who find they are called upon to deal with 
vector and circle diagrams the book is useful, 
but, as they will realize when they encounter 
such terms as crunode, homothety, anallag- 
matic, antigraphy, they will need to learn 
the language of rather more than elementary 
mathematics. It will, however, be well worth 
while doing so. 


Practical Electroacoustics. By M. Rettinger. 
8454 in (216*140 mm). Pp iii+ 271. 
Illustrated. Index. (London: Thames & 
Hudson, 1955.) Price 63s net. 


The author in his preface says of sound in 
general that it is ‘real, yet elusive; intricate, 
yet intriguing’. The engineer concerned with 
almost any aspect of high fidelity sound 
reproduction soon finds that this is true. 
Whereas in most other fields of electrical 
engineering the answer to a problem is 
exactly achievable, with a definition usually 
beyond question, the ‘naturalness’ or fidelity 
of one form of reproduction of sound is in 
no real way comparable with that of another; 
taste and other indefinable subleties intrude 
into the equations and upset the electro- 
acoustic applecart. Nevertheless, there is a 
highly developed science of electroacoustics, 
and Mr Rettinger is obviously a foremost 
exponent of it, for he comes from the 
Engineering Department of the Radio Cor- 


poration of America. He very wisely does 
not attempt to define high fidelity; but what 
he does do is to give the reader the clearest 
possible guidance as to the component 
equipment by which it may be produced. 

The book is naturally divided into 
treatises on microphones, loudspeakers, 
circuits, public address systems, and archi- 
tectural acoustics. Each section is illustrated 
by examples drawn from current American 
practice. It is unfortunate that, as with 
so many American text-books, the author 
almost entirely neglects the vast literature 
on any technical subject produced outside 
the United States. 

This is a most valuable book not only for 
all those engaged in this branch of engineer- 
ing, but also for the interested lay reader— 
a recommendation applicable to few text 
books on any engineering subject. 

J. H. M. S. 


The Ultra High Frequency Performance of 
Receiving Valves. By W. E. Benham and I. A. 
Harris. 83 « 54 in (222 « 140 mm). Pp ix+ 


173. Index. (London: Macdonald, 1957.) 
Price 28s net. 
In the proverbial nutshell this book 


describes the important factors in the uhf 
behaviour of valves and it shows how they 
depend upon each other. The authors’ 
objects in writing it have been first, to pre- 
sent the theory of the conventional valve as 
a circuit element, and second, to give a 
simple detailed account of the electronic 
processes in a valve. Thus, on the one hand 
it then becomes possible to apply linear 
circuit analysis to the problem of valve 
amplifiers for small signals at uhf, while on 
the other a sound introduction is provided 
to the transit time theory of thermionic 
devices and to the mathematical technique 
necessary for investigating new problems 
within the range of uhf theory. 

The first chapter gives a general survey of 
the present problems, and Chapter 2 dis- 
cusses the current in an_ inter-electrode 
space. Chapters 3 and 4 deal with the small- 
signal hf characteristics of idealized basic 
diodes, and of ideal triodes and tetrodes 
respectively. The behaviour differences 
between actual and ideal valves are shown 
in Chapter 5. Chapter 6 deals with induced 
currents in retarding fields and Chapter 7 
with the retarding field diode. The valve as 
a two-terminal-pair circuit element is con- 
sidered in Chapter 8. The last two chapters 
relate, respectively, to large signal theory 
and to the calculation of noise factor. These 
last develop from a new analysis of the 
effect of elastically reflected electrons from 
the anode of a triode on the signal and noise 
characteristics. Seven appendices and an 
index complete the book. 

The work has a considerable mathe- 
matical content but of no great difficulty, 
and it is assumed that the reader is ac- 
quainted with valves, amplifiers, mixers, and 
circuit analysis. 

In the Foreword Professor H. E. M. Barlow 
commends the book ‘to those who are 
seeking to understand principles, particu- 
larly in relation to the part played by valves 
as circuit elements’. We endorse this re- 
commendation, for the book is clearly the 
outcome of an intimate and up-to-date 





knowledge of both fundamentals and prac- 
tical developments. 


High Voltage Circuit-Breakers. By Wlacdislay 
Zajic. 8x6 in (203x152 mm). Pp 324 
Illustrated. Index. (London Constable, 
1958.) Price 25s net 


So many technical books, excellent in them- 
selves, lack only one thing: an international 
viewpoint. The examples of practice used by 
their authors to illustrate the argument so 
often stem from the work of only a single 
nation. It is therefore refreshing to find that 
Mr Zaijic has sat astride the Lron Curtain and 
has freely drawn on examples of switchgear 
design from both East and West. Therein, 
indeed, lies the main value of the book: in 
itself it 
treatise on the theory and practice of high- 
voltage switchgear design, but this could 
have been paralleled elsewhere in British, 


provides a clear and exhaustive 


American, and (no doubt) Russian text- 
books 
Mr Zajic (in this excellent translation from 


Kavanova) first 


ize networks fron 


the Czech Mr J. R 
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00k, in spite of its paper covers, is 
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esign 1 testing. No further recommenda- 
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Matrix Theory for Physicists. By J. Heacdir 


146 mn). Pp 4 242. Ina 


83 « 52 in (222 
(London: Longmans, 1958.) Price 35s net 
There is no doubt that matrix theory has now 
‘caught on’ with theoretical physicists 
engineers and that, 
least, it is firmly rooted as a necessary aid 
much investigational procedure. There is 
equally no doubt that th 
analysis, matrix theory is destined to occupy 
a role of increasing value in app 
and engineering science, although, as so 
often happens, applications of the funda- 
mental mathematics have taken many de- 
cades to reach fruition. Happily, present-day 
students have all that behind them and for 
their guidance there are now such texts as 
the one under consideration. 


in the senior inks 


together w tensor 


ed physics 
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The author of this book is a mathe- 
matician and, very naturally, the text is 
written largely in the phraseology of the 
mathematician. On the other hand he ex- 
hibits a considerable knowledge of physics 
and an ability to link these two branches of 
science together in such a way as to benefit 
both parties. Here, the mathematician 
partners the physicist and is not disdainful of 
another science which is not wholly con- 
trived of pure thought. 

The first two chapters of the book are 
devoted solely to those parts of matrix 
theory that are necessary for an under- 
standing of the applications that follow. 
That is to say, they are concerned with 
fundamental definitions and operations and 
avoid the more abstract formalisms, which 
can be read elsewhere. In particular, Chapter 
2 discusses in some detail the subject of 
characteristic roots and vectors, as these are 
important in many physics and engineering 
Studies 

The remaining five chapters are all on 
applications. They cover geometry, mech- 
anics, electromagnetic theory, the special 
theory of relativity, and quantum mechanics, 
and the author makes the very pertinent 
comment ‘it ts assumed that the reader is 
familiar with the physical background of the 
theory discussed’. How very true and how 
very necessary! In these chapters the author 
has set Out to present familiar concepts in 
matrix notation and to develop the theory 
In doing this he 


has made as comprehensive a selection of 


ising matrix operations 


topics as possible and has also chosen them 
for their simplicity in order that the student 
can easily follow each step in the argument 
He (the student) is also able to check the 
matrix with other better-known 


methods as the investigation 


method 
proceeds 
Determinants and cartesian tensors are 
cluded briefly where they touch upon the 
nain subject of the book. 
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S. AUSTEN STIGANT 


Synthesis of Passive Networks. By E. A. 


Gu nin. 9$ <6 in (235152 mm). Pp 
x 741. Illustrated. Index. (New York 
John Wiley; London: Chapman & Hall, 
1957.) Price 120s net 


We have already had two ‘network’ 


books from Professor Guillemin, The 
Viathematics of Circuit Analysis (1949)* 
and Introductory Circuit Theory (1953),+ 


both of the highest calibre in content and 
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presentation. In the preface to the latter 
book the author said that it was ‘the first of 
a contemplated sequence’, and the book 
now under review is the second of the 


sequence. Advanced aspects of network 
analysis and synthesis will be dealt with in 
later volumes, the next one evidently with 
the probable title Special Problems in Net- 
work Synthesis. 

In these books the keynotes to the 
author's efforts have clearly been thorough- 
ness and depth of presentation in an effort 
to combat a not unnatural tendency in 
students towards acquiring only a super- 
ficial understanding of the subject sufficient 
to meet immediate needs. While one has 
every sympathy with the student in the 
dilemmas which now must face him almost 
daily, it is the teacher’s business and great 
responsibility to ensure that, on his part, 
nothing is lacking that at least will provide 
a full and well-proportioned three-dimen- 
sional account of the subject under considera- 
tion. That is precisely what is done in 
Professor Guillemin’s three books. 

The present volume deals mainly with 
realization theory and methods which, of 
course, form the basis of any synthesis 
technique. In fact, thirteen of the fifteen 
chapters are devoted to these, the remaining 
two relating to the approximation problen 
in the frequency and time domains. The 
first two chapters discuss the properties ot 
driving-point and transfer impedance func 
tions of RLC, LC, RL and RC networks 
The next two deal with the synthesis of LC, 
RC and RL driving-point impedances 
These are followed by a chapter on equiva- 

and reciprocal networks. Chapters 6 
and & relate, respectively, to the properties 
of two terminal-pair networks, synthesis of 
ossless two terminal-pair networks, and 
real-part sufficiency of an impedance o1 
idmittance 

Chapter 9 gives the methods of Brune 
and Darlington for driving-point impedance 
synthesis, and Chapter 10 deals with the 
Bott and Duffin and the Miyata methods of 
realization. Chapters 11 and 12 are con- 
cerned with various methods of transfer 
function synthesis, while Chapter 13 is 
devoted to the same subject in respect of 
RC networks. The frequency-domain as- 
pects of the approximation problem and 
the time-domain synthesis of the same are 
discussed in Chapters 14 and 15, employing 
Butterworth, Chebyshev, and __ elliptic 
functions as well as Fourier and semi- 
infinite slope methods, and potential ana- 
logue interpretations. The usual index 
completes the work. 

Each chapter is concluded with a set of 
problems for working out by the student, 
no answers being given, as mostly they are 
not of the kind where only a numerical 
solution is required. The work is exceed- 
ingly well illustrated and printed and it ts 
one that compels our unqualified admira- 
tion. There is no doubt that when the series 
contemplated by the author is completed, 
the student and specialist will have a very 
fine network library at his command. 

The printing and general format of the 
book are unexcelled, and particular com- 
mendation should be given to the crafts- 
manship of the line drawings. Although the 
price of the book is high it nevertheless 
represents good value for money—nearly 
750 pages of first-rate instruction which 
could hardly be bettered. 

S. AUSTEN STIGANT 
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In Australia, in Canada, 


in Asia, in America, 


in Europe, in Africa, 


in every continent of the OLY smeli-cil-volume cireuit-breshers in Australie 


world, Reyrolle circuit- 

—from generation 
breakers control and 

at the power-station 
protect electrical supply 


down to local distribution 


at every point of the system — 


in the factory, 


their reliability in service 


has been proved 


under every climatic condition 







Reyrolle 


A. REYROLLE & COMPANY LTD 
HEBBURN - COUNTY DURHAM : ENGLAND 
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CIRSCALE 
ELECTRIC TACHOMETERS 


INDICATING 





One, two or more reliable and accurate Cirscale 
indicators may be operated from one transmitter. 

They are available in a wide range of sizes up to 

16” or even 30° dial (Mammoth model). Scale length 
is twice dial diameter giving clear visibility with 
economy of space Series P illustrated is suitable 

for panel mounting. Other models include weatherproof 
and hermetically sealed patterns for adverse 

climatic conditions 


RECORDING 





These compact, robust and well-damped 
Graphic Recorders have a 3° wide continuous 
roll chart. A variety of chart drives and speeds 
is available to suit requirements. May be used 
in parallel with indicators or alone. Models for 
panel or wall-mounting. 


CONTACT MAKING 








Moving Coil Relays give complete protection against 
over and/or under speed. Settings are adjustable 
with ease and accuracy. Contacts are adequate for 
all normal trip circuits. Operated by same 
transmitter as Indicator or Recorder. 


THE RECORD ELECTRICAL CO. LTD. 


**CIRSCALE WORKS,’’ BROADHEATH, ALTRINCHAM, CHESHIRE 
Offices at: Belfast, Birmingham, Bristol, Dublin, Glasgow, Leeds, London 
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water-tube boilers 








We build water-tube boilers for outputs between 20,000 and 1,000,000 Ib. per 
hour at steam conditions up to 2,350 p.s.i.g., 1,050 F, with or without 
re-heat, fired by liquid, solid or gaseous fuel. They are generously designed to 


maintain high efficiency over prolonged steaming periods. 


«7)Richardsons Westgarth (Hartlepool) Ltd 


A member of THE RICHARDSONS WESTGARTH GROUP which co-ordinates the land and marine activities of: 





N N RIN O. LTD. RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 
THE HUMBER GRAVING DOCK & ENGINEERING CO, LTD. 
{ARINE (SUNDERLAND) LTD. RICHARDSONS WESTGARTH ATOMIC LTD, 
ASSOCIATED COMPANY: ATOMIC POWER CONSTRUCTIONS LTD, 


{ARDSONS WESTGARTH (HARTLEPOOL) LTD., P.O. BOX NO. 19, HARTLEPOOL, CO. DURHAM 
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Sangamo 


METERS AND TIME SWITCHES 


SINGLE PHASE AND POLYPHASE WATTHOUR METERS 
SYNCHRONOUS TIME SWITCHES 
SYNCHRONOUS MOTORS AND MOTOR UNITS 


weston 


ELECTRICAL MEASURING INSTRUMENTS 


PANEL & SWITCHBOARD INSTRUMENTS 
D.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple, A.C./D.C. Moving Iron 





PORTABLE INSTRUMENTS 
D.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple, A.C. D.C. Moving Iron, A.C. D.C. Dynamometer 


LABORATORY STANDARD INSTRUMENTS 
D.C. Moving Col, A.C./D.C. Dynamometer 
CURRENT TRANSFORMERS ¢« FREQUENCY METERS « ALL-PURPOSE TEST SETS 
AIRCRAFT INSTRUMENTS ¢ RATIOMETERS *« TACHOMETERS 
ELECTRICAL THERMOMETERS « WESTON STANDARD CELLS 
‘PHOTRONIC’ PHOTO ELECTRIC CELLS * PHOTOMETERS 


* 
SANGAMO WESTON LTD. ENFIELD - MIDDLESEX 


Telephone: ENField 3434 (6 lines) and 1242 (6 lines). Grams: Sanwest, Enfield. Scottish Factory: Port Glasgow, Renfrewshire, Port Glasgow 4115] 
Branches : London, CHAncery 4971 - Glaszow, Centra) 6208 - Manchester, Central 7904 - Newcastle-on-Tynz, Newcastle 26867 
Leeds, Leeds 30867 - Liverpool, Central 0230 - Wolverhampton, Wolverhampton 21912 - Nottingham, Nottingham 42403 

Bristol, Bristo) 21781 - Southampton, Southampton 23328. 


‘Ww $4 
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33kV Submarine Gables 


in long continuous lengths without factory made joints 















the North of Scotland Hvdro-Electric Board 





scheme, Siemens Ediswan have made 








1 five ggkV submarine cables for crossing the 
S sh Lochs. The laving was carried out by ou 

: S rine Cable Contracts Division. 
For crossing Loch Fyne three 3-core round H.S.L. 
ibles, each 2,750 yards long were made, and for 






{ | 


the Kvles of Bute a 2.000 yard length ot similar cable 






For Loch Alsh a 0.1 sq. in. 3-core oval H-type cable, 






length 1,854 yards. 












The cables were made at our Woolwich Works o1 






plant which has been designed to manufacture 






lengths of powe! cable, particularly submarine tvpes, 


without factory made 





SIEMENS EDISON SWAN LTD 4 4£.). Compon, 
Power Cable Division, 155 Charing Cross Road, London WC2 Telep/ 
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STRIPS 























the best raw 
material for the 
best electrical 
equipment 





SECTIONS 





BUSBARS 

















FREDERICK SMITH & COMPANY 





STRAND 











Anacos products of copper and copper alloy 
in bare form for all electrical applications. 
Wire in all sizes and diameters, rods and 
bars for machining purposes, strips for 
blanking and cold drawing and strand for 
cables and overhead lines. 





ANACONDA WORKS 
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SPENCER WIRE 








SPENCERS OF WAKEFIELD have been drawing 
Wire for over fifty years. A completely modern 
plant manufactures Wire from Steel, Copper and 
Aluminium for a wide variety of industrial uses 


—Copper and Aluminium for cables, transformers, 


motors and the Electrical trade generally. 


HIGH CARBON STEEL WIRE 


MILD STEEL WIRE 
COPPER WIRE, STRIP & 


STRAND 


ELECTRICAL CONDUCTORS 


ALUMINIUM WIRE 


THE 


SPENCER WIRE 





a ae 2 ee es ee . WAKE FEF I 


| @ppencers 


i,  @F WAKEFIELD 
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» WAKEFIELD 6111 (/0 lines) « Telegrams « SPENCER WAKEFIELD TELE X manufacturers of wire 


Telex No. $5,160 





DawéessB} 


for over 50 years 
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Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
POWER LINE DIVISION - NORTH WOOLWICH - LONDON E.16 











in a class by itself- 
SYMONS’ INSULATION 





CLASS ‘E’ MATERIALS 


+‘ Symotex ’— the new low priced varnished and untreated ‘Terylene’* cloth and 


tapes from °007" to ‘015” thick 


ALSO ‘Symax’ 
Triacetate/Pressboard combination slot insulation, single 
**Melinex’/Pressboard sided, double sided and sandwich. 


There is a Symons material for all ‘Classes’ 
**Meliner’ and ‘Ter ne’ are the respective I.C.J. registered trade names for Polyethylene 


rade name for a new range of untreated and treated ‘ Terylen 


H. D. SYMONS & CO. LTD. Division D, Park Works, Kingston Hill, Surrey 
Tel: Kingston 0091. Grams: Insulation *Phone’ Kingston-on-Thames 











BEAMA PUBLICATIONS 


Problems of Power Transmission at Voltages above 225 kV 
by Francois Cahen, Directeur-Adjoint des Etudes et Recherches a 
l'Electricité de France. (Publication No. 146) 5s. net. 


British Electrical Manufacturing 
(Publication No. 142) Free on request. 


Recommendations for the Insulation Level of Power Trans- 


formers 
(Publication No. 156) 5s. 


Beama Guide to British Electrodes 
(Publication No. 144) 5s. net. 


THE BEAMA. A Short Account of its Growth and Activities 
Publication No. 149) Free on request. 


The British Electrical & Allied Manufacturers’ Association 
(Incorporated) 
Publications Department: 36 Kingsway, London, W.C.2 
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Throughout the electrical industry Sterling 
Insulating Varnishes are renowned for their 
superior quality, whether they be of the 
stoving or air-drying types. 

So much depends’on the Varnish. 

Be sure you have the best—it’s cheaper in 
the long run. 

For over 60 years]Sterling have been 
serving the electrical industry throughout 
the world. 





STERLING VARNISH CO. LTD. 
Fraser Road, Trafford Park, Manchester 17 
Telephone: TRAfford Park 0282 (4 lines) 

Telegrams: * DIELECTRIC MANCHESTER” 
London Office & Warehouse : 6 London Road, Brentford, 
Middlesex. Telephone: Ealing 9152 


I 


ULL 


by 


Seon 


INSULATING VARNISHES 


* 


SERVICED BY ENGINEERS 
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hee 
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Stator of a large G.E.C. Hydro-Alternator 


LAMINATIONS 

of all types, in all sizes & 
in all grades of material 
FERROSIL 
cold-reduced electrical 
sheet and strip 
ALPHASIL 
cold-reduced oriented 
electrical sheet and strip 


RICHARD THOMAS 
& BALDWINS LTD. 


LAMINATION WORKS 

Cookley Works, Brierley Hill, Staffs. 
MIDLAND SECTION OFFICE 

Wilden, Stourport-on-Severn, W orcs 

HEAD OFFICE: 47 Park Street, London, W.1 


Our Cookley Works is one of the largest in E pe specializing in the 
manufacture of laminatic al ir ry 
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HOW TO SELECT THE BEST ELECTRICAL RESISTANCE ALLOY 


Fundamental considerations 
in the design of 
electrical heating equipment 


ELEMENT TEMPERATURE—A VITAL DESIGN CONSIDERATION In de- & 
ning electric heating equipment, element temperature is naturally a primary jf 
isideration for upon it depends the efficiency and reliability of the equipment. i 

’ - g 
element’s life will be shortened if it is allowed to operate above the safe working | 


of the material while operation below the maximum will result in a con- | Hw be a G Ean | TRAY 


icrable extension of element life 


ACTORS GOVERNING ELEMENT TEMPERATURE Element temperature 7 ELECTRICAL RESISTANCE 
pends on two factors (1) the surface area electrical loading (usually expressed ALLOYS 

watts per sq. in. of resistor surface area) and (2) local heat dissipating conditions. 

hile the first can be determined accurately for any piece of equipment, the second 

: a : Produced in the form of Rod, 

ubject to many influences such as type of mounting, dimensions of spiral, Wire. S dT: 
ulation of air around the element. It cannot easily be determined exactly. The mh See oe 

' , » ~ > » r re > r y he elemen 7OVe q = ° . . 
e at which heat can be dissipated or removed from the element governs the The Brightray series of alloys provides a 


rface area electrical loading that can be allowed. Thus certain types of water range of materials for use at operating tem- 


ters and space heaters using a forced draught may be loaded to a high watts peratures up to 1250°C. For each grade, 
nsity, while an enclosed oven element may have a low watts density ; maximum operating temperatures are 
: quoted, based on numerous tests and long 
ESTING ELEMENT MATERIALS As a basis for determining desirable element practical experience, which should be re- 
. | - . = foe an = 
mperatures, and hence suitable electrical loading, a wire of the material to be : garded as the optimum to give economical 
7 , 3 : r é life. 
sted is held horizontally in free air and used as a datum during the test. The result § 
this test is known as the ‘ straight wire free air temperature’. Equivalent tem- § BRIGHTRAY C for intermittent heating up to 
7 . ‘ f 1150°C . .. used in cookers, toasters, laundry trons, 
eratures have been worked out to enable data based on this temperature to be } fires, soldering irons 


lated to many types of element 
BRIGHTRAY B produced to provide a cheaper 
but satisfactory material for elements working up to 

BRIGHTRAY C WIRE ; ; ee ee 


ag 


= 


BRIGHTRAY S&S for continuous heating up to 
1150 C... principally intended for electric furnace 
heating elements . . . 


ts ta 


» 


BRIGHTRAY F for electric furnace elements 
operating in special atmospheres up to 1000°C... 


eee a Hs 


BRIGHTRAY H for electric furnace elements 
operating in the range 1100 to 1250 C .. . 


2D 


) i 


WILCO-WIGGIN THERMOMETALS in 
vt many grades for thermostatic devices controlling 
ei temperatures ranging from —75 to 540°C. 


, 





> 





CURR 





| 


STRAIGHT WIRE FREE AIR TEMPERATURE att 


Graph showing Straight Wire Free Air Temperature/Current Flow for Brightray C 


Nise 
The choice of materials for electrical heating elements is a job for A CssNIN Teed MAYS 
the expert. Our Technical Service engineers are always ready to 
give advice on the selection and application of Wiggin electrical 
resistance materials. 


BRIGHTRAY 


A PRODUCT OF WIGGIN KNOW-HOW 








*Brightray’ and ‘Wilco-Wiggin’ Thermometals are Registered Trade Marks 





@ nenry WIGGIN & COMPANY LIMITED * WIGGIN STREET - BIRMINGHAM 16 
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transformers 


We are specialists in the manufacture of POWER 
TRANSFORMERS for Generation, Transmission 
and Distribution. Every Transformer is entirely 
manufactured in our own works. 


Ratings up to 60,000 k.V.A. Voltages up to 132,000 volts. 


YORKSHIRE ELECTRIC TRANSFORMER CO. LTD 
THORNHILL, DEWSBURY, ENG. Te!. Dewsbury 1691-2 
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YORKSHIRE 
IMPERIAL 








CONDENSER TUBES AND PLATES 
FOR ELECTRICAL POWER PLANT 


Yorkshire Imperial have supplied many millions of condenser and other tubes, and also condenser plates, for use in 
electricity generating stations (including nuclear power stations) in Great Britain and overseas, and consistently reliable, 
efficient and trouble-free service has been obtained from these products under a wide variety of service conditions. 


The Yorkshire Imperial laboratories are equipped with the most modern apparatus for research, metallurgical control 
and examination of non-ferrous materials. There are also facilities for the analysis and examination of cooling water 
supplies and for making comparative accelerated corrosion tests on a variety of non-ferrous alloys. 


The wide experience they have had in this work enables Yorkshire Imperial to give a reliable opinion as to the most 
suitable alloy to be used for condenser and other tubes in electrical power plant. 


ALSO TUBES FOR AIR AND OIL COOLERS..... 
EVAPORATORS..... AIR EJECTORS..... DRAIN COOLERS 
FEED WATER HEATERS....RETURN BEND HEATERS 
BUS BARS ... HYDROGEN COOLERS. .. DOMESTIC APPLIANCES 
COMPRESSED AIR AND HYDRAULIC EQUIPMENT, ETC., ETC. 












; 
ie 
a 


CALDER HALL — United Kingdom Atomic KEADBY — Central Electricity Generating 
Energy Authority Board 





INCE — Central Electricity Generating GOLDINGTON — Central Electricity Generating 
Board Board 


YORKSHIRE IMPERIAL METALS LIMITED 


HEAD OFFICE: P.O. BOX 166, LEEDS 
TELEPHONE: LEEDS 7-2222 
Works at 
LEEDS KIRKBY, , SMETHWICK ° DUNDEE ’ SWANSEA . CASTLEFORD, : BARRHEAD 
LIVERPOOL YORKS GLASGOW 
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Orpen” faileoiae 


Rasa — 


ATLAS WORKS - PERSHORE 
WORCESTERSHIRE 


Specializing in the production of 





EPICYCLIC 


AILILIEIN-STOECKICHT GEARING 


For many years W. H. Allen Sons & Company Limited 
have been engaged in the design and production of gear 
units for industrial and marine applications. The production 
facilities have been progressively expanded and developed 
in conformity with the great advances in gear cutting 
technique and, as a result, this Company's gears continue 
to be among the best and most accurate produced 


mw H. ALLEN . 










To-day, Allen gearing is manufactured at Atlas Works, 
Pershore, which is a highly specialized organization, staffed 
by skilled personnel and equipped with some of the most 
up-to-date precision machinery in the world for the quality 
production of epicyclic gear units. These are built for 
powers up to 20,000 h.p. with ratios of 12:1 in a single 


SONS 6 € 


ENGLAND 
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Industry 
demands 
Steel 
—and 
Allen West 
Control 


Gear 





$ reprocuced 


Whatever the application, for every motor there is an Allen West starter 


* Designed to B.S. Specification throughout 


* Complete range—A.C. or D.C. automatic or hand-operated. 
from fractional to thousands of horsepower 


A ALLEN WEST * Single units or composite switchboards 


* Crane Control Gear 





* All classes of enclosure, from open-type to fully weatherproof 


ALLEN WEST & CO LTD BRIGHTON ENGLAND : Telephone: Brighton 23291 « Telegrams: Control, Brighton 
Engineers and Manufacturers of Electric Motor Control Gear and Switchgear 
SUBSIDIARY COMPANIES IN CANADA, SOUTH AFRICA AND RHODESIA AGENCIES THROUGHOUT THE WORLD 
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Cranes for Power Houses 


The diverse resources of ARROL continue to play a vital part in 
maintaining Britain’s power supply. Their skill is symbolised in 
the structural steel work of many major projects and in such 
powerhouse cranes as that illustrated here— 100 ton capacity crane 
at Prince Dock Generating Station ‘B’, Plymouth. Similar cranes 
have been constructed up to a capacity of 260 tons for installations 
in many parts of the world and in addition a considerable 
number of cranes of 200 tons capacity have been constructed for 


the works of transformer and generating equipment manufacturers 


SIR WILLIAM ARROL & CO LTD GLASGOW Arro 


Cranes and Mechanical Engineering 

rR, all iypes of Steel Framed Buildings; 
Fixed and Opening Bridges; Dock Gates; 
Sliding and Floating Catssons; 
Compressed Air Locks; Hydrauli 
Machinery; Pipe Lines, Surge Tanks, 
Sluices and other equipment for 


Hydro-Electric Projects. 
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1 STEAM TURBINES 










2 RECIPROCATING COMPRESSORS 
3 HIGH PRESSURE COMPRESSORS 





@ VACUUM PUMPS 





Belliss & Morcom 
Birmingham +: EDGbaston 3531 







Sisson 
Gloucester 2229585 


( REGD. TRADE MARK 


London : Victoria 
4051 











S DIESEL & DUAL 
FUEL ENGINES 





& STEAM ENGINES 
7 SURFACE CONDENSERS 
® MULTI-JET CONDENSERS 
@ INSTRUCTIONAL TURBINES Pannen greeny 
MANCHESTER Blackfriars $122 
O “ARCA” AUTOMATIC REGULATORS LIVERPOOL Centro! 9532 
NEWCASTLE-UPON-TYNE 27743 
CARDIFF Rhiwbine 2427 
GLASGOW Douglas 8671 
BELFAST 29834 
Bellisstj]Morcom Ltd 
Bi RM tN GH AM 16 ese & A. SG 
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DIESEL-ELECTRIC LOCOMOTIVES 
FOR MAIN LINE SERVICE 


As part of their far-reaching modernisation plans, British Transport Commission 
called upon BTH to supply ten 800-h.p. diesel-electric locomotives for main-line 
freight duty. The illustration shows the first of these locomotives on test. 




















BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - RUGBY - ENGLAND 


an A.E.I. Company A.5215 
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But why buy standardized switchgear? 


Well sir, t rdering standardized switchgear from Brush you get better delivery. 


You get uniform, clean appearance, too. And you get a better price. 
You mean it’s cheaper to install this standard stuff? 


Exactly. No drawing-office time to pay for. And you get the benefit of large-scale production. 


Ah. That's all very well. But the important thing is: 
. Ig 70? vf , “7. P] #} °? y } sosel } > if 
how well is the « pme going the Surely, switchgear built to the specification 
Of OU people 1 ely to be better suited to our needs? 


Well, no. That doesn't follow. The thing to remember is that Brush have been in this game a long time. 
And from their tremendous experience and research they have learnt that most requirements 
can be met by a few basic designs, with optional additions to meet customers’ special needs. And you 
can take it from me- no finer electrical switchgear comes out of any factory, anywhere. 
Mm. What about maintenance? 
No problem at all with Brush equipment. It’s all so well 
designed, so beautifully built, so painstakingly tested, that failures are 


practically eliminated and maintenance is as easy as... 


We'll order standardized switchgear from Brush. 





the power people 


Vrite for publication No. 41010 
BRUSH ELECTRICAL ENGINEERING CO LTD - LOUGHBOROUGH + ENGLAND Member of the Brush Group S38 
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TEXTILE SERVING 


PLASTIC 
MAINS GABLES 


with shaped conductors 


\ STEEL WIRE ARMOURING 


TEXTILE BEDDING 


BICALVIC PLASTIC 
COMPOUND INSULATION 


mean these 
ecohomles-— 








SHAPED COPPER 
CONDUCTORS 
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ei THE CABLE ITSELF IS CHEAPER : fy 






2 . 
a 
Pe Mains cables, insulated with Bical iy 
$2 Mains cables, insulated wit icalvic Soap 
nee ' INSTALLATION IS CHEAPER iors 
on plastic compound can now be produced Par. 
ea with shaped conductors. Since Bicalvic The development of this design results Le 
hE P 8 a ’ 
KS oe compound, being non- hygroscopic, is in cables which are lighter and more ry 
¥* . . . — . aad 
2BRF immune to damage by water an extruded flexible. Jointing is simplified since there tts * 
» 4 
by? metal sheath is unnecessary. Mechanical s no plumbing, and terminal joints do + EN 
‘stat , : 2 iw 
ys protection is obtained by the use of stand- not require sealing. tide: 
Rt a ard wire armouring with either textile or oy 
' t . . 

Lee plastic beddings and servings ete 
iP ‘ S55 
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BICC ca ipply Plastic Mains Cables for power 
ribut tems up to and including 3.3kV. 
formation is contained in Publication No. 402 

ulable on request. 
BRITISH INSULATED CALLE 


NDOER'S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1 
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First Cyclone-fired 
central-station boiler 


in Britain .., 

Barking, with its A, B and C stationg igene of 

the largest single concentrations of ¢gntral- 
station generating plant in Europe, with @ 

total installed capacity of { million kilowatts. 

All the boilers at Barking are BABCOCK 
units and the latest, No. 44, is the first central-station unit operating in Great Britain 

with Cyclone-firing. This is a Radiant boiler with an output of 540,000 Ib./hr. 
at 950 lb./sq. in. and 940 F, equipped with three 8-ft. diameter Cyclone Furnaces 
burning crushed coal, with axial entry. 








Solves the ash-disposal problem 
The Cyclone Furnace, by converting the ash to a granular slag that is easily handled and readily 
usable on civil works, provides an effective, economic solution of the ash-disposal problem. 
It burns a wide range of coals with high efficiency; improves boiler-availability; is 
safe, flexible in operation and well-suited to simple automatic combustion control. 


Over 100 BABCOCK E C O mS 





Cyclone-fired boilers 


” a 
¥ -f Z, J€ 6 
are ordered or in service in various CO 


Gr F 
untries. In Britain, units in 
service, under construction or on 


rder, range from large industr 


f 200,000 lb.hr. up t 


n 


entral-station units of 860,000 





b. hr. to steam 120 MW generators 








BABCOCK & WILCOX LTD., BABCOCK HOUSE, 209 EUSTON ROAD, LONDON, N.W.! 


23 


nN 








SAFE 


DEPENDABLE_, 


) 
, % roe 7 
et CONTROL 
. axa 


FOR GROUPED MOTOR 
CONTROL the safe, dependab! 
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: "lle | ES choice is a CHESTER MAJOR 
| | re fs H 
/ le a a | Bee A ya 9 ———_| switchboard. 
= | ia 2 as ems)" Pd alg == i ra) 
x) x >) aoe Consider these features—short cit 
— | - - oa ‘ ® es : 
a ha tes | lt | ha 8 oe | cuit protection up to 35 MVA; al 
: | z e 7 ee ; ® ! i 
| ~ = a. = isolating swing-out or draw-ou 
al e ms, 2 sie 2 e ? ba o 2 
x) ay, A ae a ra starting panels; every componen 
_ a “aii@ — eee ted i 2¥ Ce j > acifica 
° ae : - “ar my ee des tested in excess of BS specifica 
) x ‘\ -0™ “° tions. Then add—backed by 6 
alien M15 , 
/ aa wwe 6 Si years’ experience; fully tooled 
. LS a 2\% — short delivery. 
2 cued 
pe ee In every respect it will pay you t 
switch to the CHESTER MAJOR. 
* Tllust 1 CHESTER MAFOR switch- 
ay a CH 
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a \ iv% Ppl cu for 1g le ? rR) 
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BROOKHIRST 


ae 


CHESTER MAJOR SWITCHBOARD 


BROOKHIRST SWITCHGEAR LIMITED NORTHGATE WORKS CHESTER 


A METAL INDUSTRIES GROUP COMPANY cvs-61 
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Exide batteries were chosen to 
provide the power for the battery 
rail cars now running between 
Aberdeen and Ballater. Where 
batteries are needed, whether for 
rail car or motor cars, guided 


missiles or domestic radio, money 


Aii CAR 


Exide 





can buy no better battery than Exide. 


A PRODUCT OF CHLORIDE BATTERIES LIMITED 
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“You remember that problem which was baffling us 
last week ?” 
“_ 


‘Well, there’s a technique described in this month’s 
ELECTRICAL ENERGY which will, | think, find the 
answer for us. Havea shot at it. If it works, our 
troubles are over.” 


Wherever problems in Electrical Engineering 
are the topic, this is the sort of conversation 
which will be heard. 


Do you see ELECTRICAL ENERGY every 
month? A year’s subscription costs no more 
than the average text book, but the informa- 
tion provided month by month is always up 
to date and comes in easily digested portions. 


Subjects covered include the following : 
Analysers - Cables - Capacitors 
Computation & Mathematical Techniques 
Energy Supplies - Fuses 
Generation and Power Supply 
Insulation and Dielectrics 
Machine Control - Magnetic Amplifiers 
Magnetic Materials and Properties 
Measurement and Test Equipment 
Mining Equipment - Motors - Nuclear Power 
Protective Equipment 
Rectifiers and Convertors 
Servomechanisms - Traction 
Transformers - Transmission 


if your work is connected with any of them 
you will find a subscription to ELECTRICAL 
ENERGY will be a valuable investment. 


Annual Subscription £1 16 0 Single copies 3s. 
Order through your newsagent or direct from: 
ELECTRICAL ENERGY 


28 ESSEX STREET, STRAND, LONDON, W.C.2 


Published monthly by : 
MORGAN BROTHERS (Publishers) LIMITED 





Proprietors of 
** The Engineer *’ 
and 





** Electronic Engineering "’ 








) Et, FON? Ss products contribute 


to the ‘English Electric’ 
‘‘DELTIC’’? locomotive 


BOLTON’S H.C. COPPER 
commutator bars and segments were used in 
the generators, main motors, and auxiliaries. 


BOLTON’S ALUMINIUM-BRONZE 


machined parts were incorporated in the 
Napier Deltic diesel engine. 


se ON err de 

















Boltons are manufacturers of 
copper and copper-base alloys 
in the form of wire and strand, 
bar and rod, sheet, strip and 
foil, busbars, commutator and 
other sections, and tubes. 





Photograph by courtesy 
of The English Electric Company Ltd. 


THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, Lancashire 
Telephone: Widnes 2022 

London Office and Export Sales Department: 168 Regent Street, W.1. 
Telephone: REGent 6427 


17S YEARS 
SERVICE 

\ To 

. INDUSTRY 


x 







CvSs-52! 









stationary 
batteries 


For whatever purpose a stationary battery is required, in 





any capacity from 10 to 15,000 ampere-hours, there is a 
D.P. type specially designed to meet the need with the 


utmost efficiency and economy. 


0,200 Ampere-hour 









ce na wood 


-lined box 





The D.P. Battery Co. Limited, Bakewell, Derbyshire. Phone: Bakewell 8! 
LONDON : 66 VICTORIA STREET, S.W.1. Phone: Victoria 9661 2 
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HEBBURN-ON-TYNE, ENGLAND 
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OTANDARD 
CAPACITORS 


LV ELECTRODE 


HV ELECTRODE 


SCREENED 
CABLE 


GUARD 
ELECTRODE 


The B ( res a range of com- 
pres ? nde r use as Comparison 
standards { the ¢ t of capacitance and 
d I ire constant in 
va 
The ren-free nitrogen ata 
press C y § spheres and freedom from losses 
ensured by the design 
id { j 
a 
' 
ya 
capa 4 a 


Te ephone: HEBBURN 83-224! 


Grams: “BUSHING HEBBURN” 





DR YSDALE dhnatanatiad 





A complete range 

of sizes in 
CENTRIFUGAL 
AXIAL FLOW 
AND ROTARY 
TYPES 


for Land 
and Marine 
Services 


DRYSDALE 
& CO. LTD., 


YOKER, GLASGOW 








nels 


CLOSED CIRCUIT FORCED DRAUGHT 
AIR COOLERS | WATER COOLERS 
for ventilation of turbo-alternators for cooling circulating water of Diesel, 
Lengthy experience in practical design Gas and Petrol Engines, Refrigerating 
Wide variety of ducting and damper layouts Condensers, Air Compressors, Liquid 
Highly efficient cooling surfaces Controllers, Process Works, etc. 
Heavy and robust construction Save 95°., of water otherwise wasted 
Special attention to ease of access and Robust and compact all-metal construction 
maintenance Install in- or out-of-doors 


NU 


HEENAN & FROUDE LTD : WORCESTER : ENGLAND 
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: 
by courtesy of the English Electric Co. Ltd 
Part of the sub-station of the Merseyside 
and North Wales Division of the C.E.G.B. at 
Rochdale, showing English Electric Air 
Blast circuit breakers and Doulton heavy duty 
—_+-— —_ 32 kV post insulators. 

Doulton 

Type BB9 
Standard Posts for Voltages from L1IkV to 275k\ 

) ROYAI DOULTON POTTERIES WILNECOTE . TAMWORTH STAFFS 
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Hick 








Hargreaves AND COMPANY LTD - BOLTO? 


Rotary 
Water Strainers 


The Hick Hargreaves self-cleaning enclosed Rotary 
Water Strainer is proving, in service throughout the 
world, to be the most effective means of removing 
floating debris. The strainer comprises a motor- 
driven wheel, slowly rotating inside a casing, the 
straining medium which is between the spokes being 
so designed to prevent the interlacing of fibrous 
matter. The head loss through the strainer does not 
exceed 2 feet. The debris is removed from the 
strainer by a series of jets, and discharged from an 
internal chamber which is effectively sealed off from 
the main water space. All water connections are 
placed in the lower half of the casing and large access 
doors are provided for routine examination. Instal- 
lation is extremely simple, no extensive foundation 
work being necessary. The strainer can be located 
on either the suction or discharge side of the circu- 
lating water pumps. 

The Hick Hargreaves Rotary Strainer is available 
in a range of capacities up to 5,000,000 g.p.h. with 
mesh of 4” to }° diameter inscribed circle 


H.13 














FORMAPEX 


Laminated plastic boards and sheets. 
paper or fabric based, are used widely 
for terminal boards, switchgear, rigid 


insulation, etc 


DIELECTRIC 
PLUS 


Insulating cloths and tapes manufactured by 
1O0CO LIMITED provide the necessary 
dielectric strengths appropriate to variou 
classifications. In addition they posses 
properties of thermal stability, mechanica 
strength, moisture resistance, flexibility 
toughness and minimum bulk which fit then 
for service under almost any conditions | 
any part of the world. Full technical litera 
ture will be sent on request. 








For Tropical Conditions | 
LINAPOL glass fabric or Terylene coated 

with polyurethane resin. Class ‘F’ and ‘E’ 
insulants with great flexibility, extensibility, 
surface toughness and resistance to moisture. 





i0CO LIMITED 


Anniesland Glasgow W3 Telephone: Scotstoun 5501-6 
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GLISH ELECTRIC 


distribution equipment 
chosen 


EN 








TtHHHHL 


at Brussels 


The main substation controlling power and lighting 
throughout the British Industries Pavilion 
is equipped entirely by ‘ENGLISH ELECTRIC’ 






This substation has a capacity of 1,000 kVA, 

taking its supply from a ring main through 

a six-panel type OLX high voltage switchboard. 

Two 500 kVA, 11,000/415 volts, 50 cycles transformers 
feed on to a ‘Superform’ medium voltage switchboard 
comprising two 800 amp. type OB.23 air circuit-breakers 
and 22 outgoing H.R.C. fuse switches. 

Like the Pavilion itself, the “ENGLISH ELECTRIC’ 
substation is virtually a glass showcase 

where millions of visitors will be able to see 

ues uitdin*inaenanen miieieeees the most modern electrical control equipment 


equipment being installed in the in actual use. 
sub-station 


| __———<—_iin’ 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 


WORKS: STAFFORD ° PRESTON ° RUGBY ° BRADFORD : LIVERPOOL . ACCRINGTON 


MIS 45G8 
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‘Erskine Heap installation at 


The Switchgear and Motor Control Gear which is illustrated 
part of the installation of the new turbine house 
and modernisation of the electrical equipment at the mill 


below 1s 


The large centre illustration shows 
House with the A.( and D.C 
Switchgear for controlling the 
2400 KW Alternator and the 850 KW 
D.C. generator of the new turbine set. 
In the lower illustrations are other 


chboards and motor control gear 


pical of those throughout the mill 
Consulting Engineer, A. B. Mallinson, 
M.1.M E.. M.LE.E 


on 


the new Power 





MILLS PAPER CO.LTO 
RCULTER 


THE CULT, 
PET 
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ERSKINE. HEAP: C2 F® 


SWITCHGEAR SPECIALISTS 
Head Oth & Work { Ofhce 
BROUGHTON, MANCHESTER (7) GRAND BUILDINGS, TRAFALGAR SQ.. W.C.2 


BRANCH OFFICES AND AGENCIES IN ALL PARTS OF THE WORLD 


WELCOME TO OUR STAND No. 2705, TEXTILE MACHINERY EXHIBITION, BELLEVUE, MANCHESTER, OCT. 15-25th 
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LONDON OFFICE : Bush House, Aldwych, W.C.2. BIRMINGHAM OFFICE » W 
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Of the many links in the chain of elec supply, none is of greater impor- 
tance than SWITCHGEAR, which prot the system against short-circuit or 
other abnormal conditions 
high reputation for the manufacture 
S ratings, trom that designed for extra high voltage 


. rgrid’, down to medium voltage or industrial 


be tound in service in factories and 





Type K3 pedestal mounted switch- 
gear for service up to 400-A 660-V 





Type BV Switchgear for 11-kV 
service up to 250-MVA breake 
ing capacity. 








Type VSLP9 Switchgear, rated 1000-MVA 
breaking capacity at 33-kV. 





me & : 
Ferguson Pailin ciimiteo for Switchgear 
0 a re 
Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone - DROylsden 1301 (Pee Branch Ex) 


dsor House, 656 Chester Road, Erdington, 23 GLASGOW OFFICE : Central Chambers, 109 Hope Street, C.2. 
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IN TRACTION SERVICE IN 4 ew iff ic 
COUNTRIES... | DrOTIEIERS 











BRITISH RAILWAYS SOUTHERN REGION 


One of 28 substations being equipped with Hewittic 
Rectifiers by the British Transport Commission for the 
Southern Region of British Railways. The photograph ws 
Wimbledon substation with one wall cut away to Ww 
the two 2,500 kW rectifiers in this half of the build 


BRITISH RAILWAYS 
LONDON MIDLAND REG! oN 


A train passing one of the 14 Hewittic Rectifier subst $ 
on the Liverpool-Southport line. These have an agg e 
capacity of 24,260 kW and supply 93 miles of elect j 
track. Hewittic Rectifiers installed on other sections « $ 
region total 47,300 kW 











CANADIAN NATIONAL RAILWAYS 


The electrified section of the Canadian National Railways, comprising some 70 ¢ 
miles in the vicinity of Montreal Terminal, is supplied with D.C. by Hewittic Rect 
in two 3,000 kW substations at Central Station and Saraguay. The photographs s 
left, a train leaving Mount Royal Station, and right, one of the four 1,500 kW eq 





; upply an ments in service. These are designed for operation at 3,000 volts, D.C. 
A.C. and D.C. control gear 
WV of Hewittic Rectifiers have been 
London Transport Executive. * Send for Publication R200/3 


HACKBRIDGE AND HEWITTIC BLECTRIC CO., LIMITED 


WALTON-ON-THAMES SURREY - ENGLAND 
Telephone : Walton-on-Thames 760 (8 lines) Telegrams ectr NV ait Tham 





RP 4uz 10 
OVERSEAS REPRESENTATIVES 

ARGENTINA : H. A. Roberts & Cia. S.R.L., Buenos Aires. AUSTRALIA: Hackbridge and Hewittic Electric Co. Ltd., 17! Fitzroy Street, St. Kilda, Victoria; N.S. 
Queensland : W. Australia: Elder, Smith & Co. Ltd. ; South Australia: Parsons & Robertson Ltd. ; Tasmania: H.M. Bamford & Sons (Pry.) Ltd., Hobart. BELGIUM & 
LUXEMBOURG : Pierre Pollie, Brussels 3. BRAZIL: Oscar G. Mors, Sio Paulo. BURMA: Neonlite Manufacturing & Trading Co. Ltd., Rangoon. CANADA : Hackbrioge 
and Hewittic Electric Co. of Canada Led., Montreal ; The Northern Electric Co. Ltd., Montreal, etc. CEYLON : Envee Ess Ltd., Colombo. CHILE : Sociedad Importadora 
del Pacifico Ltda., Santiago. EAST AFRICA: Gerald Hoe (Lighting) Led., Nairobi. EGYPT: Giacomo Cohenca Fils,S.A.E. Cairo. FINLAND: Sahko-ja Koneliike O. Y 
Hermes, Helsinki. GHANA, NIGERIA & SIERRA LEONE : Glyndova Ltd. GREECE: Charilaos C. Coroneos, Athens. INDIA : Steam & Mining Equipment (India) Privace 
Ltd., Calcutta; Easum Engineering Co. Led., Madras,!. IRAQ: J.P. Bahoshy Bros., Baghdad. MALAYA, SINGAPORE & BORNEO: Harper, Gilfillan & Co. Ltd., Kuala 
Lumpur. NETHERLANDS: }. Kater E.!., Ouderkerk ad. Amstel. NEW ZEALAND: Richardson, McCabe & Co. Ltd., Wellington, etc. PAKISTAN : The Karachi Radio 
Co., Karachi 3. SOUTH AFRICA: Arthur Trevor Williams (Pty.) Ltd., Johannesburg, etc. CENTRAL AFRICAN FEDERATION : Arthur Trevor Williams (Pty.) Led 
Salisbury. THAILAND : Vichien Phanich Co. Ltd., Bangkok. TRINIDAD & TOBAGO: Thomas Peake & Co., Port of Spain. TURKEY: Dr. H. Salim Oker, Ankara 
U.S.A. > Hackbridge and Hewittic Electric Co. Led., P.O. Box 234, Pittsburgh 3, Pennsylvania. VENEZUELA : Oficina de Ingenieria Sociedad Anonima, Caracas 
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TRANSFORMERS 


ey 330 kV 
--«-930kV. «(3 Phase) 
PTFORD NEW ZEALAND FINLAND KARIBA 


BRITISH TIONAL 
| | GRID SYSTEM 
; 1890 1921 | | 4999 1946 1958 





With each advance in system voltages, 
Ferranti transformers are always first in the 
field thus satisfying the ever increasing demand 
- for electric power. 
rr The skill of Ferranti engineers over a period of more 
than 65 years has resulted in the award of contracts for 
the supply of transformers of the highest voltage 
and rating for the world’s largest electric 


power projects. 


Specify EF ERRANT l transformers famous throughout the world 
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METALCLAD SWITCHGEAR 
ASTA CERTIFIED 
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(A) 3-3 kV to 11 kV 
up to 250 MVA at 11 kV 
Available from stock 


Ask for Technical 
Description No. 402 


(B) 3-3 kV to 11 kV 
up to 500 MVA at 11 kV 


Ask for Technical 
Description No. 388 


(C) 6-6 kV to 33 kV 
up to 1500 MVA at 
33 kV. Ask for 


Technical Descriptions 
Nos. 381 and 417 


THE GENERAL ELECTRIC COMPANY LTD. MAGNET HOUSE, KINGSWAY, LONDON, WC2 
A224 
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B.S.A. uea &G.C 
High Temperature Vacuum Furnace... 










G.E.C. High Temperature Vacuum 
Furnace installed in the B.S.A. Group 
Research Powder Metallurgy Labora- 
tory at Small Heath, Birmingham. 


for sintering materials for 
use at high temperatures 


The furnace element assembl) G.E.C. vacuum furnaces meet the need for high temperatures for 
nd side radiation screens. 
such applications as sintering and degassing, brazing with nickel 
for efficient chromium alloys, heat treating titanium, tantalum and zirconium. 
= 
process heating use They provide an operating vacuum between 10% and 10° mm. 


mercury. Temperatures up to 2000°C. have been achieved. 


Write for further details. 





FURNACES - HIGH FREQUENCY - INFRA-RED 


69 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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ARC Furnaces by 


Geo; 


PIONEERS and LEADERS... 





...in Britain and America 

for modern ARC Furnace 

design now offer their 
COMBINED 

EXPERIENCE 

Designs available from 

existing installations from 


} ton to 200 toms capacity. 





ton ‘NT’ EFCO-LECTR 
Oe; ey eS 


V ance liver LE ce 








Gi ELECTRIC FURNACE COMPANY LIMITED 


NETHERBY - QUEENS ROAD - WEYBRIDGE - SURREY * Weybridge 38?! 


NRP 1675 
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dt W. T. HENLEY’S TELEGRAPH WORKS COMPANY LIMITED 51-53 HATTON GARDEN LONDON E.C.1 Tel: CHANCERY 6822 a 
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MULTI VORTEX DUST COLLECTORS 
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JAMES HOWDEN & COMPANY LIMITED, 195 SCOTLAND STREET, 
GLASGOW, C.5 AND 1S GROSVENOR PLACE, LONDON, S.W.I. 


t. 






























The Heatrae LIDO made in three sizes: 
14, 2:2 and 3 gallon. The perfect 
automatically controlled Electric Water 
Heater for domestic use. 

Ask for leaflet No. 85. 


A full range of larger sizes also available 
in non-pressure, pressure and cistern type 
for wall or floor mounting. 


Manufacturers of Electric Water Heaters, Oil Heaters, Immersion Heaters, Urns, Towel Rails, Airing 
Cupboard Heaters, Electric Fires, Flameproof Heating Apparatus, Food Trolleys, Warming Plates, 
Air Heaters. Specialists in Steam Heated Oil Heaters and Calorifizers for Shipboard. 


HEATRAE LIMITED 


Pioneers since 1920 in all-electric water heaters 


NORWICH - ENGLAND 


Telegrams : HEATRAE - NORWICH Telephone : NORWICH 25131 (Private Exchange) 
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right on top... 


of course i 


THE NEW JACKSON ‘JOY’ with the EYE- 
LEVEL GRILL and 3 fast-boiling “Speedring’ 


Plates with 6-heat switch control for each plate. a) 


JACKSON, THE MAKERS OF: the new Jill Water 
Heater, the Masterpiece Convector Heater, Electric 
Fires and the Jackson Washboiler. See them at your 
local electrical shop or showroom. 


THE JACKSON ELECTRIC STOVE CO. LTD 
Head Office: Dallow Road, Luton, Beds. 
Branches: London, Belfast, Birmingham, Cardiff, Glasgow, Leeds, Liverpool, Newcastie-on-Tyne 
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FIRST IN THE FIELD—AND STILL IN THE LEAD 


Is your 
journey 

; a= really 

{ necessary? 









HERE AT LAST is the complete remote control unit for welding generators— 
the Lincoln REMOTROL. No longer will the welding operator have the time- 
wasting and annoying journey to and from the welding site to the generator, 
when conditions will not permit the generator to be parked close to 
actual welding position. No more clambering up and down scaffolding, or 
crossing a busy construction plot. The Lincoln REMOTROL makes 
this tiresome journey quite unnecessary! 

The Lincoln REMOTROL provides a means of variation for the current 
setting of the amperage control from any position up to 200 feet away 
from the generator 


The Lincoln REMOTROL is simple to fit, for either hand welding or 





automatic welding, and can be successfully adapted to any standard 
LINCOLN S.A.E Welding Generator Unit. 
For further details of this important new Lincoln product, please write 


to the address below. 








L | N C 0 L N 7 L F C T R | C C 0 LT Largest oceania of D.C. Welders 


WELWYN GARDEN CITY * HERTS » WELWYN GARDEN 920/4 4581/5 


Rem 1A 
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FLAMEPROOF 
DIRECT-ON STARTER 
150 hp. S55 kv. 














In addition to the basic components the following auxiliaries can be 
provided. 


Control circuit 110 volt; alternatively, intrinsically safe contro! circuit. 


Earth leakage protection; alternatively, Sentryfugue control relay for beit 
slip protection. 


Brake Control Unit with overcurrent protection. 


500 v.a. supply available for external lighting when brake control unit is not 
included. 


Automatic sequence starting. 
Ammeter. 


3:3 k.v. Starters are also available in industrial enclosures for direct-on and 
stator/rotor starting up to 200 h.p. 


M. & C. SWITCHGEAR, LTD. 


KIRKINTILLOCH, GLASGOW. 


LONDON OFFICE, 36 VICTORIA ST., S.W.1. SHEFFIELD OFFICE, OLIVE GROVE RD. 
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BASIC AID FOR AUTOMATION 


Starting and Stopping 
under Gontrol 


INTEGRAL A.C. MOTOR UNITS 
CLUTCH/BRAKE ACTUATED BY ROTOR THRUST 
WEAR ON LININGS COMPENSATED 













f eS 
\UTPUT a= ooo 
HAFT ROTOR tI u *< 
DRIVING 





| 3 Phase 




















—a |OT ; 
British Patent ' | —— supply 
No. 7/8728 J } | — 
Z British Patent Application ———— Minimum 
No. 36521 /55 ° e 
OUTPUT DRIVING zal C : 
Suu NEAT _ ircuitry 


a ae e Totally enclosed or Totally Enclosed Fan Cooled G 


e Foot or Flange Fixing; available for mounting 
at any predetermined angle from horizontal 


Full details on application 


M awd sle ¥ Ss MAWDSLEY’S LTD., DURSLEY, GLOUCESTERSHIRE 


Telephone: DURSLEY 2386 (5 lines) 
Telegrams: ZONE, DURSLEY 
London Office: 
28 Queen Anne's Gate, Westminster S.W.] 
Telephone: Whitehall 8892 


STOP CLUTCH AC MOTORS ‘% B.H.P.—15 B.H.P. 
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The MK range of 
COOKER CONTROL 
UNITS has 


EVERYTHING! 


9 types to choose from—surface or 
flush, metalclad or insulated, with or 
without pilot lamps, 13 ampere 


or 15 ampere auxiliary circuits. 


MK have been specialists in cooker 





control unit design for many years, and 
the current range offers you a wide 
choice of units that are as easy to wire as 
they are smart to look at. There 


is an MK design for every installation. 


LOOK AT THESE FEATURES! 


* Positive separation of contacts 
yet the switches can be operated 








* Indicating units have two long-life ¥* Curre nt-carrving and earthing in complete silence 
neon lamps vaste from ircuits solid] eted at all * Switches have successfully with- 
* oe ~ — i connecting points stood mechanical tests in excess 
C —— ~) eee built as one * All current-carrying parts com- f 100,000 operations 
integral uni pletely shrouded bv an insulating Se d 
oo : spect ly shi uded 1F OS ISUATING * All mouldings are of urea 
* Removable chassis for easy wiring over when plate is removed formaldehyde 
* Flush units have adjusting screws * Two heavy pillar-type earth termi- , Case anil cr ver-plate are of zinc- 
for raising or lowering interior nals, each with two clamping screws oated steel. The ivory stove enamel 
» . COat : . : 
* Terminals positioned for straight * Completely new double pole finish matches the moulded inserts 
through wiring switches with pure silver contacts . : 
br @ Lessin ween m rorsceinr Pr : * Switch handles are moulded in red 
sasting pressure ensured Dy for contrast. Both circuits are 
subsidiary compression springs clearly identified 


(f) C ....the mark of leadership 


M. K. Electric Limited, Wakefield Street, London N.18 England 
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SYNCHRONOUS MOTORS 


Mather and Platt duct ventilated synchronous motors driving Belliss and Morcom 
compressors at a coal mine in South Wales. Each motor is rated at 11,000 v., 1,125 kVA.., 
1,125 b.h.p., 214 r.p.m., and is direct-on started, taking a starting current three 


times full load current. The complete installation includes four such sets. 


813 








' Mather & Platt 


LIMITED | 











PARK WORKS - MANCHESTER 10 
Telephone: COLlyhurst 2321. Telegrams: MATHER, MANCHESTER 
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For Stwvce on the Sepeegual 


TRANSFORMER ON-LOAD TAP-CHANGER 

















TYPE 




















For service at the highest voltages the 
Type H tap-changer was developed for 
use with transformers on fully insulated 
systems. The simple and reliable 
mechanism ensures completion of tap 
change, and resistor transition mini- 
mises arcing at the transfer switch con- 
tacts. Type H Tap-Changing equip- 
ment is used by Metropolitan - Vickers 
and other transformer manufacturers 
for 120 MVA and 180 MVA auto- 

insformers for the C.E.G.B. 275 kV 


_ = = 
- = 
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METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK 


An A. E. I. Company 





MANCHESTER, 17 





E/A504 
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SILICONE INSULATION 
is another of those things that 


M and I make superbly well 


Silicone bonded Micanite in sheets both 
iard and flexible, V-rings and tubes. 


Silicone glass and glass/mica sheets and 
tapes, 


Silicone bonded glass laminates in the 
form of blocks, sheets, tubes, cylinders 
and machined parts. 


Silicone elastomer tapes — 


ALL CLASS ‘H’ B.S.2757. 


Other M & I product 

‘“PAXOLIN’”’ SYNTHETIC RESIN BONDED 
LAMINATES. 

**PANILAX”’ ANILINE FORMALDEHYDE 
RESIN MOULDINGS. 

MICA BLOCK, INCLUDING FABRICATED 
PARTS AND SPLITTINGS. 


EMPIRE VARNISHED INSULATION IN- 
CLUDING PAPER, COTTON, SILK, 
GLASS, NYLON AND TERYLENE. 

HIGH VOLTAGE BUSHINGS AND 
TERMINALS. 

SUNDRY INSULATING MATERIALS. 


“Paxolin” and “Panilax’” are registered trade names of 
The Micanite & Insulators Co., Ltd. 


Mnf) ec balan Pople 


THE MICANITE & INSULATORS CO., LTD., 





WALTHAMSTOW, LONDON, E.17. TELEPHONE: LARKSWOOD ss00. 
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TELEGRAMS: “MYTILITE”, EASPHONE, LONDON. 
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Twin Shell Surface Condensing Plant operating with a 
30,000 kW Turbo-Alternator Set 


MIRRLEES WATSON CO. LTD 


SCOTLAND STREET, GLASGOW, C.5 
London Office: 38 Grosvenor Gardens, 5.W.1 











High Frequency 
Motor Alternator Set 

5 kVA, 115 volts, | phase, 
2400 c.p.s. 3000 r.p.m. 







Motor Alternator Set. 

12 kVA, 400 c.p.s. 

single phase, 3000 r.p.m. 
with exciter 












| 


dy 
ii 
? * *) 
- | i 

Uli o/h ) 
(AtAdaaee 4 

\ YES ; 

\ ] 


Il 





A leaflet giving full particulars 
will be sent om request. 
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NEWTON BROTHERS (DERBY) LIMITED ———— 


ALFRETON ROAD - DERBY 


PHONE: DERBY 47676 (4 LINES) GRAMS: DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY W.C 2 
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| NALDERSS 


INSTRUMENTS 
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AMPERES 






NALDERS INSTRUMENTS 


the control board for the M.R.C. CYCLOTRON 
the Hammersmith Medical Research Establishment 











@® HIGH SENSITIVITY AND ACCURACY 
@ CIRCULAR PLATFORM TYPE SCALE : 
NALDERS PRODUCTS include 
@ SPECIALLY CLEAR MARKINGS MEASURING INSTRUMENTS of ALL TYPES 
@® BAR TYPE POINTERS also 
PROTECTIVE RELAYS 
VECTORMETERS 
We can meet your demands for Automatic Earth Proving SUPPLY SWITCHES 
PROMPT DELIVERY ‘*BUOU”’ CIRCUIT BREAKERS 


NALDER BROS & THOMPSON LTD 


DALSTON LANE WORKS, LONDON, E.8 


Telephone : “lissold 2365 (4 lines) Telegrams : ‘‘ Occlude, Hack, London "’ 





B.MJ 
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CALDER HALL POWER 
STATION 


Calder Hall is the world’s first fu 

Nuclear Power Station designed 

produce plutonium and elect ° 
power. The motors driving the x U-K-A-E-A h *p & K G id 

iliaries are protected by P & B Gi Cc ose o $ protecti A 
relays in this, the first power station | 

the United Kingdom Atomic Energy 

Authority 











P & B Relays give full protection for motors with 
any starting periods or currents under extremes of 
ambient temperature. 

P & B Golds Relays protect against phase failure, 
overload, short circuit or earth fault. 

P & B Stalling Relays give complete protection 
against stalling under all conditions. 

Send for current literature. 


J 4 THE P &B ENGINEERING CO. LTD 


CROMPTON WAY 


PROTECTION RELAYS CRAWLEY - SUSSEX 


Telephone Crawley 1004 
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The 1.P.-L.P. line 


the first 2OO MW for Canada 
nears completion... 


There are four of these 200 MW cross compoun 
turbo-generators to be supplied to Canada for 
installation in the Hydro Electric Power 
Commission of Ontario, Richard L. Hearn 
generating station at Toronto. The first of 

these four machines is now nearing completion PAH ey On S 


They will be part of the largest power station in 





the world to install a// Parsons turbo-generators— 
TURBO-GENERATORS 


a total of four 100 MW sets and these four 


200 MW sets 


...aS preparations go ahead to build the first 300 MW 





Two 300 MW cross compound turbo-generators 
have been ordered by The Hydro Electric Power 
Commission of Ontario for a new power station to 
be built at Lakeview, near Toronto. These are the 
largest machines to be ordered by Canada and they 
will operate with steam at 2,350 ib/in’ pressure 
1,000°F temperature and reheat to {,000°F. 





Cc. A. PARSONS & COMPANY LIMITED - HEATON WORKS - NEWCASTLE UPON TYNE 6G 
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q f PERMAGLASS -— glass fibre reinforced plastic — is no mere 


passing “fashion”. It is a permanent and exceedingly valuable addition 
to the range of reinforced plastics for industry produced by the Permali 
Group 

But 


nave ni 


only William 


yn! For 


“the mould of form” Shakespeare himself could 


t off Permaglass with such precisi it can be moulded to 


iricate shapes and close tolerances 


PERMAGLASS 
durable, 
available 


with Polyester, 


hard, 
It 
and in moulded form, 


is strong, light, 


and a good electrical insulator. is 


as sheets, tubes 


Epoxide, Melamine or Phenolic 


sin bases 


What is PERMAGLASS used for? 


from drilling jigs to fans, fr« 


ym covers and cases t 


insulating Components, its appl ns are te. s 
almost certain that Permaglass can serve you economicalls 
and efficiently in some form se 


Will you write to us for technical data about it? 





PERMALI . LIMITED 


Permaglass Division, Glouceste* 


Telephone: 24941 
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'VING VARNISHES (Natural Resin Type) 


I'VING VARNISHES (Synthetic Resin Type) 


ERMO-SETTING VARNISHES 
.VENTLESS VARNISHES 
R-DRYING VARNISHES 
OTH VARNISHES 
ORE-PLATE VARNISHES 
(Stoving and Air-Drying) 
OPPER WIRE ENAMELS 


(Oleo-resinous and Synthetic Types) 
the above are supplied in black and clear 


\CID & HEAT RESISTING ENAMELS 


Available in all colours. 
iCA BONDING VARNISHES 
OIL STICKING VARNISHES 
SLEEVING VARNISHES 
(Black, Clear and Colours) 
CABLE LACQUERS 
(Non-flam., Cellulose Type and P.V.C.) 
COMPOUNDS (Various Types) 


All the materials listed conform 


aa, 
ria 4 ™ or 4 ae —— 
i) ee eee 


ig agi AP 


k k TRANSFORMER INTERIOR 
f The Electric Construction Company Ltd., Wolverhampton 








We are constantly developing Special Varnishes to meet 
the many and varied requirements of the Electrical 
Industry. The tendency has been to concentrate on 


the development of Varnishes utilising Synthetic Resins. 
The advent of these Synthetic Types of Insulating 
Varnishes which have been developed by constant research 
over many years in our Chemical, Electrical and Physical 
Laboratories has enabled us to produce _ Insulating 
Varnishes to meet the most exacting requirements set 
by the Electrical Industry, thereby maintaining the 
high reputation and standard of ‘MINERVA’ Insulating 
Products. 
Catalogue post free 





to B.S. Specifications 


wherever applicable 





Pinchin. Johnson & Co. 


4 CARLTON GARDENS, LONDON, S.W.1 
Telephone: TRAfalgar 5600 
Branches: BELFAST, BIRMINGHAM, BOOTLE, BRIGHTON, BRISTOL, GLASGOW, 
LEEDS. MANCHESTER. NEWCASTLE-ON-TYNE & SOUTHAMPTON 
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Due to their special 
type of construction 
PREMIER Cooling Towers 
are acclaimed by engineers 
as being the most efficient 
Used under widely varying 
conditions in important 
stations 


world, 









PREMIER 
giving 
satisfaction 


power 
the 

Towers are 

plete 
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THE PREMIER COOLER G ENCINEERING CO., LTD., 





COOLING 
TOWERS 
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SHALFORD, near GUILDFORD, SURREY 











The Electrical Industries 
Benevolent Association 


THE OBJECTS OF THE ASSOCIATION 
are to grant Pensions and to dispense Temporary 
Relief to deserving and necessitous Persons who 
are or have been engaged in the Electrical 
Industry in the United Kingdom as Employers, 
Managers, Teachers, or on the Engineering, 
Designing, Drawing, Sales or Office Staff, or in 
any other similar capacities, or to their Depend- 


ants. 
SUPPORTED BY (a) Associates (annual 
subscription of 5/-); (6) Members (annual 


subscription of 20/-); (c) Honorary Subscribers, 
i.e. contributors not qualified for assistance; 
(d) Donors, i.e. contributors not qualified for 
(e) Bequests; (f) Revenue 


assistance; from 


Investments. 


Full particulars sent on application to 
THE SECRETARY, 10 BUCKINGHAM PALACE 
GARDENS, LONDON, S.W.1 
















the performance and design of 


A.C. COMMUTATOR 
MOTORS 












By E. OpeNsHAW Taytor, B.Sc., A.C.G.1., D.LC., 
M.L.E.E., etc. This new book provides a good 
overall knowledge of all types of a.c. commutator 
motors. Part I covers matters common to all types 
of commutator motor, while the remaining three 
parts deal with the commercially successful types 

a detailed account being given of each separate 
machine. Included in Pitman’s * Engineering 
Degree Series, it forms a companion volume to 
Clayton's The Performance and Design of D.C. 
Machines and Say’s The Performance and Design 
of A.C. Machines. The three works now cover the 
whole range of electrical machinery. From book- 
sellers, 45 - net. 


PITMAN Tecunicat Books 


Parker St., Kingsway, London, W.C.2 





Printed for the Proprietors, THE BritisH ELECTRICAL AND ALLIED MANUFACTURERS’ ASSOCIATION (INCORPORATED), 


by R. & R. Ciark, Ltp., Brandon Street, Edinburgh, and published at 36 Kingsway, London, W.C.2. 





The British Electrical and Allied Manufacturers’ Association 


(INCORPORATED) 
36 & 38 KINGSWAY, LONDON, WC2 


President 


Sir Vincent de Ferranti, mc 


Past Presidents 


The Rt. Hon. Viscount Chandos, pso, mc 
Sir George Bailey, CBE 


Sir George H. Nelson, BART. 
Sir Harry Railing 


Vice-Presidents, 1958-59 


Sir George Bailey, CBE 
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WORLD-WIDE SERVICE 





